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” BRINGS BIG ECONOMIES TO WIDE-SCALE HEATING 


Nation's largest 


The year 1959 marks a milestone in the history of The United States 
Air Force—the year in which members of the first graduating class 


H Ig h Te mM peratu re at the U.S. Air Force Academy earned their commissions. 
Situated in the Rampart Range of the Rockies north of Colorado 
. . Springs, on a 28-square-mile site, the new academy incorporates 
Wate r | nN stal lat | O nN many notable advances in design and engineering. For example, the 
heating system which services the widely-spaced buildings utilizes 
high temperature water. This system, compared to steam, frequently 
offers important advantages for large-scale heating. Since hot water 
h eats U ‘ S ’ has an inherently higher capacity to contain heat, it not only reduces 
initial equipment costs, but also makes possible operating and main- 
tenance savings of from 10% to 20%. Smaller-sized pipes can also be 
used, steam traps and pressure valves are eliminated, and the boiler 


Al r Fo rce Academy plant can be smaller—more compact than required by steam—with 


greater operating control and efficiency 

The installation at the Air Force Academy*, comprised of five 
C-E La Mont Controlled Circulation Hot Water Boilers, is the largest 
heating system of its kind in the nation, and is one of many such 
installations at large military bases, industrial plants and institu- 
tions 


Here then is another example of Creative Engineering—the C-E 
approach to providing the most advanced designs of boilers for all 
fuel, heat and power requirements—from those of small plants to 
the largest power stations 


*Sk € ys & Me hitects © Sy ne sociate Engineers 


“Creative ENGINEERING” is the reason for the leader- 
ship attained by C-E products. The products which bear 


this mark of leadership include COMBUSTION ENGINEERING iy 


all types of steam generating, fuel burning and related equip- 
ment - nuclear power systems - paper mill equipment - pul- Combustion Engineering Building, 200 Madison Avenue, New York 16, N. Y. C-233 


verizers flash drying systems pressure vessels - soil pipe 
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a complete line of 


GRAVIMETRIC FEEDERS 


S-E-Co. Gravimetric Feeders assure you of reliable coal 
feeding to your pulverizers or cyclone burners. The 
width of coal stream from inlet to outlet is a full, unin- 
terrupted 24”. Wet, sticky coal is handled readily with 
no trouble. In addition to reliability, S-E-Co. Gravimetric 
Feeders offer you gravimetric control of energy input. 
Coal feed rate to each pulverizer or cyclone is con- 
trolled by weight, permitting close regulation of fuel-air 
ratio and accurate distribution among burners. The rate of 
coal feed in pounds per hour is indicated on your boiler 
panel. A complete line of S-E-Co. Gravimetric Feeders is 


available to meet your type and capacity requirements. 


Include S-E-Co. Gravimetric Feeders in your next boiler specification. 


Write for bulletin. 


by ce 5 OCK Equipment Company 
749 HANNA BUILDING « CLEVELAND 15, OHIO 
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eww 
CYCLO-TRELL 


MECHANICAL 
DUST COLLECTORS 


These new Cyclo-trells can be built to fit any specifie job. 
\vailable in Types C-10 (10” diameter), C-24 (24” diameter) 
IC (involute Cyclo-trell), ICL (involute Cyelo-trell, lined) and 


(°-24-1, (24" lined). Also available: a new hopper discharge valve 


ah Dn 
cycro-Teett Mechasus 


cycto-tretis me 


Write now for your copy of new Bulletin 300 which gives details and illustrations 
of the new Cyclo-trells and hopper discharge valve. 


Research-Cottrell,inc. 


Main Office and Piant: Bound Brook, New Jersey Teademedh 
REPRESENTATIVES IN PRINCIPAL CITIES OF U.S. AND CANADA ——— 
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servicing the new 
YARWAY COLOR-PORT 


IS easy 


























Remove four cap screws and lift 
off cover assembly (held in right 
hand). Install new port assembly 
(glass-mica-gasket, shown in left 
hand) in cover. This port assembly 
is part of the complete cover 
assembly 


Tighten down four Allen cap 
screws with standard wrench (no 
torque wrench required) 


Re-install complete cover assem- 
bly. Sealing gasket automatically 
seats in gasket groove in body. 


New Yarway Color-Port Boiler Water Level Gages (for pressures to 3000 
psi.) offer not only this new ease of maintenance but insure brilliant red 
and green readings of steam and water. 


For full details, write for Yarway Bulletin WG-1814. 


YARNALL-WARING COMPANY, 100 Mermaid Ave., Philadelphia 18, Pa. 
Branch Offices in Principal Cities 


GO \"7.\'@ WITH CONFIDENCE 
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Entrance to unusual “little Pentagon” struc- Elevation shows how coal moves from Coal is brought in by rail 
ture. This shape gives maximum space utili- incoming conveyor by 25 ton/hr. and unloaded into track 
zation and allows one-man central control Stephens-Adamson Redler elevator to hopper. From here, a 
of all boilers. Construction provides com- overhead bunker (capacity 125 tons). Stephens - Adamson con- 
fortably for three 31,000 Ib/hr boilers and Coal feeds from here to scales, then veyor carries the coal into 
allows for two similar units in the future, directly into stokers. Bunker and scales the plant and internal coal 
within 7,000 sq. ft. by Beaumont Birch Co. handling system. 
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Hospital cures fuel ills 
with “little Pentagon” 


Richmond State Hospital burns coal for economy 


and availability in modern pe 


After a power system failure at the Richmond 
State Hospital, Richmond, Ind., the adminis- 
tration conducted an engineering survey of its 
steam-generating operation. Over-age equip- 
ment indicated the need for entirely new 
facilities. The shape of the boiler room site 
prompted the unconventional pentagonal 
installation for best possible adaptation of 
space to present and future needs. Economy 
and availability dictated the choice of coal as 
the fuel. 

Today a new power plant—designed by 
Fleck, Quebe and Reid, Indianapolis, with 
F. B. Morse, of Purdue University—burns coal 
in a completely modern, automatic operation. 
The outstanding features of this compact 
installation are its high combustion efficiency, 
minimum manpower requirements and con- 
tinuing ease of maintenance. 

Coal is lowest cost fuel 
Today, when the annual cost of fuel often equals 
the original cost of the boilers, you should know 
that bituminous coal is the lowest cost fuel in 
smost industrial areas. And modern coal-burn- 


ntagonal power plant 


ing equipment gives you 15% to 50% more 
steam per dollar, while automatic operation 
trims labor costs and eliminates smoke 
problems. What’s more, tremendous coal 
reserves and mechanized mining procedures 
assure you a constantly plentiful supply of coal 
at stable prices. 


Consult an engineering firm 
If you are remodeling or building new heating 
or power facilities, it will pay you to consult a 
qualified engineering firm. Such concerns— 
familiar with the latest in fuel costs and equip- 
ment—can effect great savings for you with 
the efficiency and economy of coal, 


Technical advisory service 
To help you with fuel problems, the Bitu- 
minous Coal Institute offers a free technical 
advisory service. We welcome the opportunity 
to work with you, your consulting engineers 
and architects. If you are concerned with steam 
costs, write to address below or send coupon. 
Ask also for case histories booklet, complete 
with data sheets. You'll find them informative. 


BITUMINOUS COAL INSTITUTE 


Department C-10 Southern Building, Washington 5, D. C. 


See our listing in Sweet’s 


SEND COUPON FOR NEW BCI PUBLICATIONS. 
Guide Specifications, with complete equipment criteria 
and boiler room plans: 


BITUMI 


NOUS COAL INSTITUTE 


Southern Building, Washington 5, D. C. 


Gentlemen—please send me: 


() GS-1 (low-pressure heating plant, screw-type underfeed stoker); [) GS-2 
(high-pressure heating and /or process plant, ram-type underfeed stoker); 
(1 GS-3 (automatic package boiler for heating and process plants). [) Case 
histories on larger plants. 
Name 
Title 

Shown are three Henry Vogt boilers, fed 

by Laclede chain grate stokers, with Company 

individual control panels. Controls are 

pneumatic type, by Copes Vulcan. From Address 

boilers, ashes are moved pneumatically 

by United Conveyor Ash handling 

system to silo for disposal. 


COMBUSTI ON—October 1959 





Automatic soot blowing permits varying the operat- 
ing sequence of air- or electrically-driven soot blow- 
ers. Vulcan Selective-Sequence and Automatic- 
Sequential systems assure positive cleaning, and 
save blowing medium. Write for Bulletin 1029. 


Variable-Orifice Desuperheater* holds reduced 
steam temperature constant close to its outlet. Write 
for Bulletin 1037. Carburetor and Steam-Assist types 
are also available for steam service conditions through 
2500 psig and 1100 F. *Patent applied for. 
































Nuclear valves meet rigid requirements 
for resistance to corrosion, fail-safe op- 
eration, and remote maintenance. Com- 
ponents are thoroughly cleaned and as- 
semblied in a sterile atmosphere. 





Boiler control provides high-speed response. 
Combustion control may be from steam flow—air 
flow, or fuel-air ratio. Feedwater control from one, 
two, or three influences. Write for Bulletin 1038. 
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and fossil-fuel plants power up 


Copes-Vulcan equipment 


x. 


Control valves for flow, pressure, and temperature of fluids or gases 
are job-tailored for accuracy and dependability. Diaphragm- or piston- 
operated types are available in pressure standards from 125 through 
2500 psig. Both offer excellent rangeability. Write for Bulletin 1027. 


In conventional, super-critical, and nuclear 
power stations on land . . . aboard conven- 
tional and nuclear-powered ships at sea, 
Copes- Vulcan precision-built control systems 
increase efficiency. 

Meeting exact design requirements, Copes- 
Vulcan builds control systems for combus- 
tion, feedwater, superheat and reheat steam 
temperatures, pressure reducing, desuper- 
heating, and soot blowing. 

Copes-Vulcan is also experienced in the 
design and manufacture of such special prod- 
ucts as nuclear valves. 

All of these systems are custom-engineered. 
All are backed by more than 50 years of 
design experience. 


Extra-long soot blower, Vulcan T-30, is built for travels up to 40 feet. 
Dual-motor drive gives multi-helix blowing pattern for thorough cleaning of 
all surfaces. All working parts encased for protection. Write for Bulletin 1030, 


COPES-VULCAN DIVISION _ 
BLAW-KNOX COMPANY, ERIE 4, PA. Cores thy BLAW-KNOX 
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bends the Chit are Caty with... 
Republic ELECTRUNITE Boiler Tubing 


because uniform ductility is built-in 


Uniform ductility of ELECTRUNITE* made a big differ- 
ence at the power plant installation of Toms River- 
Cincinnati Chemical Corporation, Toms River, New 
Jersey. 

This C-E Boiler, Type VU-50, engineered and erect- 
ed by Combustion Engineering, Inc., New York City, 
was designed for maximum operation of 157,000 Ibs. 
per hour at 650°F., with 600 lbs. psi design pressure. 
Fifty-one tons of Republic ELECTRUNITE Boiler Tub- 
ing were used in this unit. 

Here, Republic ELECTRUNITE Boiler Tubing met 
the curvature of the boiler design in a severe test of 
uniform ductility. Bends were smooth and uniform, 
fitted easily into the boiler head drum holes. Results: 
Savings in installation time and costs. 


—. ST 


FARROWTEST’—QUALITY YOU CAN MEASURE. Not o 
laboratory theory, not a mere inspection tool, but an exclusive mroduction 
test that detects and rejects tubing containing defects of critical size 
FARROWTEST is offered as an alternative to other less positive tests in 
accordance with table below, at no extra cost 





FARROWTEST REJECT TABLE 


Defective Area 
(Length, 


Wall Minor dimension 
Thickness of the defect 
(B.W. Gage) (Length or Depth) Depth Plane) 


20 .006”" .0025 sq. inches 

18 006” | 003 sq. inches 

16 122% of wall : 003 sq. inches 

14 and 13 12'2% of wall | 004 sq. inches 

12 and heavier 122% of wall ' (005 sq. inches 
FARROWTEST detects and rejects not only tubing containing defects 
which completely penetrate the wall; but also tubing with defects 
equal to, or greater than, those shown in this table. For irregular 
defect shapes, a tube with defect area equal to or greater than 
shown above is rejectable. Where required, sensitivity of FARROWTEST 
equipment can be calibrated to reject defects of lesser specified 
area than shown in table, at extra cost. 











ELECTRUNITE is made of highest quality flat-rolled 
open-hearth steel produced in Republic’s own mills, 
carefully controlled every step of the way. Full normal- 
izing, uniform wall thickness and diameter, and uni- 
form ductility assure easy workability and in service 
dependability. 

ELECTRUNITE is produced by the exclusive process 
that ELECTRically-UNITEs the tube under pressure 
without additional foreign or extra metal. This 
process is universally accepted by leading technical 
authorities, code societies, boiler and heat exchanger 
manufacturers, Federal and State committees. 

To learn more about ELECTRUNITE for boiler, heat 
exchanger, condenser, or evaporator applications, call 
your Republic representative. Or, write direct. 


QUALITY YOU CAN SEE! Republic ELECTRUNITE Boiler Tubing uni- 
form ductility pays off in fit-right installations. Full normalizing and true 
concentricity assure easier roller expanding. Trouble-free service on the 
inside is a big factor in savings in installation time and costs. 


GOT A WATER PROBLEM? Republic ELECTRUNITE Stainless Steel 
Heat Exchanger Tubing resists corrosion and provides long trouble-free 
service for main surface condensers in utility power plants where water is 
used directly from natural sources. Call your Republic representative, or 
write direct 




















REPUBLIC STEEL CORPORATION 
STEEL AND TUBES DIVISION 
DEPT. C-7782-A 


209 EAST 131st STREET - CLEVELAND 8, OHIO 


Please send additional information on the following 


, " products: 
Worlds Wideal Kange 2 Republic ELECTRUNITE Boiler Tubes 


C2) Republic ELECTRUNITE Heat Exchanger Tubes 
0) Carbon, or — Stainless [© FARROWTEST Brochure 


Y Standard Steels and 





J-M’s new Metal-On® insulation is Thermo 
bestos prejacketed in aluminum. Snaps on pipe 
quickly . . . surely. Saves the time and cost of 
separate on-the-job metal application 


Seminars on best installation practices. For plant 
foremen who wish to keep up to date on new 
insulation methods and installation practices, J-M 
regional sales offices will gladly conduct insula- 
tion seminars. Contact nearest J-M office 


It’s tough, durable 
Johns-Manville 


Here’s why Thermobestos is the 
preferred high-temperature calcium- 
silicate insulation . . . to 1200 F 

You know the kind of treatment pipe insulation 
must take ... day after day, year after year! 


There’s no better reason than this for the spiral- 
ing growthin Thermobestos® applications through- 
out the process and power generation industries 
—an insulation so strong and rigid, so resistant to 
crushing and compression it is almost structural. 
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THERMOBESTOS insulation! 


that are entirely Thermobestos insulation. 


Equally important is the ability of Thermo- 
bestos to keep fuel costs low. Its & factor is 
the lowest of all insulations generally ac- 
cepted for process applications. Its moisture 
resistance, unsurpassed. 

Furnished in large, lightweight sections— 
precision-molded to unusually close toler- 
ances— Thermobestos is easy to handle and 
install .. . readily adaptable to shop fabrica- 
tion of fittings and bonds. Large selection of 
sizes, thicknesses (and quads up to 33” pipe 
size) permit calcium-silicate installations 


You’ll want the new Thermobestos book- 
let for your technical file. It contains com- 
plete information on prefabricating and 
installation practices . . . specification data 


... heat transmission tables ...and physical _— 


and thermal characteristics. Write for it 
today. Ask for booklet IN-169A. 

Address Johns-Manville, Box 

14, New York 16, N.Y. In 

Canada, 565 Lakeshore Rd. 

East, Port Credit, Ontario. 


3) JoHNs-MANVILLE 
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RECORD-BREAKING HIGH 


... wrapped in a Package 


The plant on the facing page is the Eddystone Station of the Philadelphia 
Electric Company. It contains a C-E Sulzer Monotube Steam Generator, a 
small portion of which is shown in the upper left corner of the drawing. 
This boiler, soon to be placed in commercial service, will produce steam 
at the highest pressure and temperature ever used in power plant practice 


— 5000 Ib per sq in and 1200 F. 
Shown below is the world's highest-pressure ‘‘package"’ boiler — a C-E 


Controlled Circulation Unit — Type PCC. It is designed to produce steam at 
a pressure of 1800 psi and 1050 F. Now installed at the General Electric 
Company plant at Fitchburg, Massachusetts, it provides steam for special 


testing purposes. 


October 1959—-C OM BUSTION 





PRESSURE BOILERS by C-E 


... or filling a Plant 


The facts on the opposite page are of significance to 
you. They are part of the long list of C-E “firsts” 
a list which includes the world’s first boiler designed 
to produce as much as 3,850,000 lb steam per hour 
and the world’s largest package boiler, which pro- 
duces 120,000 lb steam per hour. They give further 
evidence that —even in the biggest sizes and in the 
highest pressure ranges —C-E offers the most advanced 
designs for all steam requirements and with all fuels. 
To date, 38 C-E units have been purchased to pro- 
vide 2400-pound pressure steam —or above — at the 
throttles of turbine-generators that have an aggregate 


COMBUSTION 
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capacity of about 8-million kilowatts. Fourteen of 
these units are already in service —one for a period 
of over three years. 

When you are in the market for high-pressure 
boilers, it will pay you to contact the organization 
which offers you the broadest experience in the field 
—Combustion Engineering. In addition to these high 
pressure units, C-E also offers boilers in all types and 
sizes with capacities ranging from 4000 pounds of 
steam per hour, up to the largest in the world. All 
are designed to meet your needs reliably, efficiently 
and economically. 


ENGINEERING 


Combustion Engineering Building - 200 Madison Avenue, New York 16, N.Y. 


C-2198 





VOLUTE ASSEMBLY 


STAINLESS STEEL LOOP 


> ae 
Agr" I hyn 
Is NUCL ely cS @ a/ 


j0B 
\wy ah Wy 
canal 


C/ 
S NUCLEONICS 


JOB 
Wu-438 30% F 


BULKHEAD PENETRATOR 


Gu Pip; 


These jobs demonstrate the variety of nucleonic pip 
ing work done in our shops. The volute assembly, 
shown in intermediate stage of manufacture, is fab 


os Pe . P 
Fab ricated by arene dof 1 ” and 16” Sx tile 160 piping mate rials 


The bulkhead penetrator, one of a group, is notable 
for an unusual method of welding dissimilar metals 


. a - é é 
Pittsburgh Piping The complex test loop requires skillful welding ol 


for Nucleonics 


stainless steel piping materials, and precise assembly 
of hundreds of components. We are equipped and 
staffed to do similar jobs for you. Telephone, or write 
and our representative will call. Or, we will be glad 
to have you visit our plant 


PIONEER FABRICATOR OF HIGH PRESSURE PIPING FOR NUCLEONICS 


AND EQUIPMENT COMPANY 


158 49th STREET + PITTSBURGH 1, PA. 


CANADIAN PITTSBURGH PIPING, LTD., 68 YONGE STREET—TORONTO, ONTARIO 


. Whitehead Building Cleveland... Public Square Building New York. . Woolworth Building 
. » Peoples Gas Building New Orleans.......P. O. Box 74 
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Advertisement 


Now Available..... 


THE AUTOMATIC PLANT 


..... technology is ready, but close scrutiny of economics is essential 


by W. W. Hopwood 
President, Hagan Chemicals & Controls, Inc. 


There is no question that most 
of the hardware for a computer- 
controlled power or process plant 
is available today— however, we 
feel that enthusiasm for this con- 
cept has led to a glossing over of = _ + 
the economics of the situation. 
In addition, as the art of computer 
control stands today, reliability 
requirements have been compro- 
mised. 

We have taken these, and the 
many other factors which bear 
on the successful installation of 
computer control, into considera- 
tion in formulating our position, which is: Only as many 
steps towards complete computer control should be taken 
as can be justified both technically and economically. 
Since it is almost impossible to compute the dynamics of 
a process in advance of its operation, it is only logical 
to establish a sequence which will permit each step to be 
tested and justified before the next step is taken. Of 
course, if a specific situation requires it, the complete 
package can be installed at once. Here are the steps which 
we at Hagan feel are reasonable and economically sound: 


1. Install a solid state electronic analog control 
system. 
. Install a solid state electronic scanning-logging 
data system. 
. Install computer capacity to compute from proc- 
essed data. 
. Add programming capacity for automatic start- 
up and shut-down, as well as day by day operation. 


Hagan equipment is designed to implement such a 
program. The Hagan PowrMag analog computer control 


system, featuring all solid state—magnetic amplifiers, re- 
quires minimum maintenance and provides a high degree 
of reliability and sensitivity with fast response. DC opera- 
tion at the 1 to 9 volt level permits simple wiring, and the 
output is ideally suitable for use with the Kybernetes data 
processing-computing system. 

We are ready, at this time, to take the computer control 
concept as far as the specific operation and management 
requirements determine. 


Kybernetes put into operation at 
water works system in one day. 


The Kybernetes system at an eastern water works was 
installed and tested to be operational in one day. Ninety-two 
inputs, representing flows, levels and pressures will be 
displayed as digital values on the main control console. 
In addition, two typewriters will print out the data for 
permanent records, and the system permits trend logging 
of selected variables without interfering with basic scan- 
ning. Alarm scanning of all incoming data is also performed 
automatically. If any variable exceeds preset minimum or 
maximum values, a visual and audible alarm alerts the 
operator to take corrective action. Installation test showed 
that the Kybernetes system was handling all available 
inputs. 


Hagan PowrMag provides high 
reliability analog computer control 


Utilizing magnetic amplifiers as the basic unit, the Hagan 
PowrMag system represents the most advanced electronic 
approach to industrial process control. Reliability and 
long, maintenance-free life are assured in every phase of 
the system, including inputs, analog computer-controllers, 
remote control stations and final control elements. 

The PowrMag amplifier is a high gain, DC, magnetic 
amplifier composed of toroidal magnetic cores, windings 
and silicon diodes . . . all potted in epoxy resin and sealed 





in a steel can—thus assuring reliability and long, tamper- 
proof life. Associated with the amplifier are remote control 
stations which provide the desired functions, and the 
whole unit may be mounted on panels up to \4" thick, 
occupying only 2'4” x 514". Utilizing a 1 to 9V DC input 
and output signal, the system is unaffected by stray AC, 
information is not deteriorated between measured variable 
and the final control element. Signals may also be fed to 
data processors or recorders without interfering with the 
control action. 

PowrMag systems are currently being installed on (1) a 
1,250,000 # /hr pulverized coal fired, divided furnace, con- 
trolled-circulation steam generation unit for a southern 
utility, (2) a 2,310,000 #/hr pulverized coal fired, single 
furnace, single drum, dry bottom reheat type steam gen- 
erator for a midwest utility, and (3) a 1,700,000 #/hr 
2400 psig, 1050°/1000° controlled circulation boiler at an 
eastern utility. 

The Hagan PowrMag system is simple, yet extremely 
flexible in application. The basic elements are interchange- 
able, which limits stocking problems. Each element in the 
system is designed for long, trouble-free life, and adjust- 
ment of any loop is easy and exact. Here is the answer to 
the demand for a sensitive, accurate system with high 
stability and the utmost in reliability. 


Kybernetes data processing system 
adds new flexibility 


The new Kybernetes Series 2000 allows a new approach to 
the problem of scanning, logging, alarm scanning, comput- 
ing, optimizing, programming and the many other uses to 
which data processing systems are put. Of modular con- 
struction and utilizing solid state components, the new 
Kybernetes features optimum reliability allied with such 
flexibility that a new dimension is added to data processing. 

The basic system is a simple logging unit for recording 
process data on a log sheet or other output device. Because 
of its modular construction, this basic system can be 
expanded in both number of points handled and the com- 
plexity of the operations performed. This concept is in 
keeping with the Hagan approach to computer control, 
since any one or all of these functions may be added as 
it becomes desirable: 


1. Alarm scanning. 

2. Printed or visual trend logging of selected variables. 

3. Computing or integrating. 

4. Automatic programming and optimum setting of 
control. 


With an accuracy of 0.1% on all inputs, the new 
K ybernetes reflects the simplified design logic which guided 
its design, and the reliability of all components is assured 
by the use of solid state devices. 

In addition to numerous chemical, refinery and general 
process installations, a Kybernetes system will process 
data on the largest steam boiler in the world—a 3,850,000 
# /hr unit now under construction at a southern utility. 

Maximum usefulness with minimum investment char- 
acterizes this development. Field tested and proved, the 
new Kybernetes data processing unit will provide long, 
trouble-free operation. 


The diagram illustrates a typical installation of Hagan 
PowrMag units in association with a Kybernetes data 





@ 











system for overall plant control. 

1. Transducers convert measured variables into DC 
electrical signals and transmit to the central analog control 
computer via two-wire electrical cable. These signals may 
be recorded or indicated. 

2. Two-wire, color coded cable, terminated with vibra- 
tion-proof taper pin fittings, permits no-lag electric trans- 
mission of the measured process even in the largest plant. 
The system is designed so that the DC signal is, for all 
practical purposes, unaffected by stray AC potentials. The 
taper pin connections eliminate all field soldering or ter- 
minal box connections. 

3. Signals enter plug-in patchboard section of analog 
computer. Patchboard is arranged to permit interconnec- 
tion of system in any desired manner by simply moving 
taper pin connections. 

4. PowrMag analog computer control elements are com- 
posed of operational magnetic amplifiers. They perform 
all the required control operations such as addition, sub- 
traction, ratioing, integrating (reset), differentiating (rate), 
multiplication (proportional band), etc. 

5. Remote control stations, located on the central con- 
trol panel, provide process set point, bias, ratio, and other 
manually set control operations and have both output 
and null indicators. 

6. Final control elements such as valve positioners, 
damper operators, saturable reactors, etc., receive the 
signal from the computer and act on the process function 
under control. 

7. Series 2000 Kybernetes data processing system (see 
Bulletin MSP 161) can log, scan, trend log, read out, 
compute and integrate data as received from the PowrMag 
transducers, thermocouples, and other primary sensing 
elements. In addition, the Kybernetes digital computations 
can be used to return set point instructions to the PowrMag 
analog computer to optimize process controls. 


For Bulletin MSP 161 (Kybernetes Data Processing Systems) 
and MSP 163 (PowrMag Electronic Control Systems), write to: 
CHEMICALS & 


Mo AG A CONTROLS, INC. 


DIVISIONS: CALGON COMPANY, HALL LABORATORIES 


HAGAN BUILDING, PITTSBURGH 30, PA. 
In Canada: Hagan Corporation (Canada) Limited, Toronto 
European Division: Via Flumendosa No. 13, Milano, italy 








The 
direct 
way to 





Lowered 
Steam 
Costs! 


One of these Valley Camp Quality Coals 





can be a direct way toward lowering 
your steam costs. They are prepared to 
specification in modern plants, available 
for shipment via rail or river... and, 





our combustion engineering service will 
be glad to ‘show you how”’. 


© 
The Valley Camp 
Coal Company 





| 
THE VALLEY CAMP COAL COMPANY 


Western Reserve Building ¢ Cleveland 13, Ohio 


SUBSIDIARIES — 

Great Lakes Coal & Dock Co., Milwaukee, Wis. © Great Lakes Coal & Dock Co., St. Paul, Minn. @ Fort William 
Coal Dock Co., Ltd., Fort William, Ont. ¢ The Valley Camp Coal Co. of Canada Ltd., Toronto, Ont. @ Kelley's Creek 
& Northwestern Railroad Co. @ Kelley’s Creek Barge Line Inc. @ Pennsylvania & West Virginia Supply Corp. 


SALES OFFICES — 
Philadelphia e@ Baltimore e@ Buffalo e Pittsburgh @ Wheeling @ Cleveland e St. Paul 
® Cincinnati @ New York @ Milwaukee © Superior, Wis. © For? William, Ont. © Toronto, Ont. 
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NEW SINGLE-SEATED, BALANCED DISC, TEMPERATURE REGULATOR 
HANDLES INLET PRESSURES TO 100 psi. 


New Leslie regulator can handle inlet pressure and pressure drops to 100 psi. High power, 


positive movement of an actuating bellows with solid liquid fill, and the virtually friction 


less stufling box provides stem movement exactly proportional to the temperature change 


at the bulb. 


Designed for steam or water service, it features a single seated, sell-aligning, tight closing 
inner valve. (Units can be changed in the field from direct to reverse acting, or from reverse 
to direct acting, simply by inverting body and main valve.) 

Applications include instantaneous heaters or coolers—shell and tube or shell and coil heat 
exchangers; storage or tank heaters; and, process heaters or coolers of all types. Available in 


cast iron or cast bronze bodies lov temperatures to 450°F, Sizes 4 and 1”, screwed connections. 


For sizing and capacity data, contact your 
Leslie Engineer or write for Bulletin 591 
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OTHER VERSATILE LESLIE REGULATORS PROVIDE PRECISE 
TEMPERATURE AND PRESSURE CONTROL. 


Direct Operated Design is used for small flow heating and 
cooling service, size %, Y2 and %”. Liquid filled thermostatic 
element supplies ample power to stroke the single seated 
main valve. Valve travel is directly proportional to tempera- 
ture change at bulb. This design is suitable for instantaneous 
and storage type heaters. It is also available in double seated 





construction for cooling service. 


Pilot Operated, Single Element Control also uses the liquid 
Bellows Operated 


filled element to operate pilot device which applies operating Temperature Reg- 
. ulator For Small 


Flows 


pressure from the regulator inlet to a diaphragm for stroking 


main valve in heating or cooling service. Large diaphragm 
area and operating pressure supply ample power for con 
trolling long stroke, single seated main valve with full flow 
capacity in sizes 2-4”. Regulator has a 3 to 5° throttling range 
and is suitable for all storage type heat exchangers and for ee 6 ae 
any system requiring on-off control. ae Deane 3 


emcwieny —_ 


Pilot Operated, Duo-Matie (two-element control) design 
ee ee offers both temperature and pressure regulating functions 
ae ae in a pilot actuated, piston or diaphragm operated regulator. 
The valves can handle a range of inlet steam pressures in 
heating services from 25 to 600 psi and controlled pressure 
ranges of either 2 to 15 psi or 10 to 250 psi. These character 


istics are ideal for all storage type heaters and most instanta 








neous heater problems. Available in sizes 4-6" with iron, 


bronze and cast steel construction. 


For complete sizing and capacity data, 
write for Bulletin 5307-A. 


REGULATORS and CONTROLLERS 


Leslie Co., 414-B Grant Avenue, Lyndhurst, New Jersey 


Over 275 Factory-Trained Engineers At Your Service — Nationwide! 
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This Bailey Control System helps cut fuel costs on a 70,000 Ib per hr capacity 125 psi boiler in an industrial 





plant. Control drive in foreground regulates stoker 


How Bailey stretches 
your fuel dollar... 


You can wring more energy out ofa dollar’s worth ol 
fuel when vou are vetting optimum performance from 
your steam plant equipment, You vet peak pertorm- 
ance when Bailey Meters and Controls are on the 


job. They increase your plant efficiency. 


Bailey is the choice of virtually all the most efficient 
plants on the Federal Power Commission’s heat rats 


report. Here's why: 


1. Complete Line of Equipment 


You can be sure a Bailey Engineer will offer the right 
combination of equipment to fit your needs. Bailey 
manufactures a complete line of standard, compatible 
pneumatic and electric metering and control equip- 
ment that has proved itself. Thousands of successful 


installations involving problems in measurement, 


combustion. and automatic control are your assur 


ance of the best possible system. 


2. Experience 


Bailey Engineers have been making steam plants 
work more efficiently for more than forty years. 
Veteran engineer and young engineer alike, the men 
who represent Bailey, are storehouses of knowledge 
on measurement and control. They are up-to-the- 
minute on the latest developments that can be 


applied to your problem. 


3. Sales and Service Convenient to You 
Vhere’s a Bailey District Office or Resident Engineer 
close to you. Check vour phone book for expert engi- 


neering control on your steam plant control pre »blems. 
Al32-1 


instruments and controls for power and process 


BAILEY METER COMPANY 


1025 IVANHOE ROAD ° 


CLEVELAND 10, OHIO 


in Canada — Bailey Meter Company Limited, Montreal 
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superlatives 


that demonstrate confidence in a 
high-pressure boiler-feed pump and its builder 


LARGEST CAPA . . . 7200 gpm. Two record-breaking 7200-gpm pumps with 
discharge pressure of 4550 psig, for two 450,000-kw gen 
erating units 


HIGHEST PRESSURE he sees s+ -6500 psig. Two half-capacity units, each consisting of 
three pumps in series, with discharge pressure of 6500 
psig, for a 325,000-kw station 


HIGHEST HORSEPOWER Pest ara 23,00 hp. Two large capacity, high-head pumps, each 
driven by a 23,000-hp steam turbine, largest ever built 
for boiler-feed service. 


LARGEST GENERATING UNIT ea ; 500,000 kw. Two turbine driven half-capacity pumps, 
each handling 4000 gpm at 3108 psig discharge, at 6600 
rpm for world’s first half-million kw generating unit 


GREATEST ACCEF : os Ingersoll-Rand has built far more high-pressure boiler- 
feed pumps than any other manufacturer — including 
many high-speed units for generating stations. These 
superlatives demonstrate industry’s confidence in I-R 
Class CHTA pumps, and in Ingersoll-Rand’s ability to 
design and build to any requirements — even those that 
go beyond previous industry experience. For maximum 
dependability and long-range economy, specify boiler- 
feed pumps by Ingersoll-Rand. 


~ Ingersoll-Rand 


10-975 11 Broadway, New York 4, N. Y. 


COMPRESSORS + GAS & DIESEL ENGINES + PUMPS + AIR & ELECTRIC TOOLS * CONDENSERS » VACUUM EQUIPMENT + ROCK DRILLS 
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Aerotec Electrical Precipitator Control 


This Aerotec precipitator control takes a 
look at voltage-current conditions 120 times 
per second! It makes adjustments at the 
same fast speed—so you always get peak 
efficiency. 

Developed by Aerotec Industries, this 
complete, compact unit operates on an en- 
tirely different basic principle of automatic 
control. It has proven itself in numerous 
installations by boosting power levels to 
give striking improvements in stack gas 
appearance. 


Monitors Optimum Power 120 Times Per Second 


Heart of the automatic packaged control 
is a pair of power thyratron tubes con- 
nected in inverse parallel. Results: Rapid 
monitoring with instant response... High- 
speed voltage adjustment... Quick cut-off 
that eliminates destructive arcing by 
quenching excessive sparking. 


If your problem is air pollution control, 
call on Aerotec Industries 30 years’ experi- 
ence in dust collection. Write for more 
information on mechanical, electrical or 
series collectors. 








AEFOTEC INDUSTRIES, INC. 


INDUSTRIAL DIVISION, DEPARTMENT C, GREENWICH, CONNECTICUT 


FAN-STACKS * BLOWERS * CURTAIN DAMPERS * AIR PREHEATERS * MECHANICAL AND ELECTRICAL DUST COLLECTORS FOR 
INDUSTRIAL PROCESSES AND FLY ASH * GAS SCRUBBERS FOR CHEMICAL PROCESSES AND NATURAL GAS TRANSMISSION LINES 
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It cleans coal as it crush 
AT NO EXTRA COST 


The Pennsylvania Bradford Breaker has Bradford Breaker with a swing hammer 
no peer in the preparation of run-of- rotor placed at the discharge end that 
mine coals. This is borne out by the fact reduces all oversize so it can pass thru 
that Pennsylvania Bradfords condition the cylinder perforations, thus eliminat- 
over 38 million tons of coal annually in ing any waste of oversize that otherwise 
power plants all over the world. This might pass out the discharge end. 

has been going on for many, many years For complete information on_ these 
and it’s your assurance of dependability. Breakers, ask for Bulletin 3009. Penn- 
For the preparation of extra hard coals sylvania Crusher Division, Bath Iron 
the Pennsylvania Bradford Hammermill Works Corporation, West Chester, 
is usually preferred. This crusher is a Pennsylvania. 


Penn 
CRUSHER 
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MARYLAND Steam Surface Condensers for installation in South America 


Two 50,000-square foot condensers designed 
and manufactured by Maryland for installation 
in South America, have been stored at Maryland 
for over a year. Maryland is in an excellent 
position to provide storage service for customers 
desiring to order ahead of schedule, or faced 
with schedule changes. This service also enables 
our customers to take advantage of prevailing 


economic conditions. 


As shown, units are ready for disassembly 
after shop erection and inspection. Both con- 
densers are designed for outdoor service and 
incorporate seismic shock resistant features. 


WRITE FOR NEW BROCHURE 


Complete Engineering, specifica 
tion and fabrication data on 
Maryland Surface Condensers. 


It’s vours without cost or obligation 


Industrial Products Division 


Maryland Shipbuilding & Drydock Company 
Baltimore 3, Maryland 


DETROIT, MICH., Bradbury-Kenrick Associates 
Piepenbrink and Schoonhoven «+ YORK, PA., J. L. Souser & Associates + CINCINNATI, OHIO, Hare Equipment Co 
DALLAS, TEXAS, Bernhard Engineering Sales Co. » KANSAS CITY, MO., Midwestern Power Equipment Co 

ST. PAUL, MINN., Northwestern Power Equipment Co . 


Representatives in 


Principal Cities: 


26 


SEATTLE, WASH., J. A. Tudor & Associates, Inc. « CHICAGO, ILI 


SANTURCE, PUERTO RICO, Ramon I. Gil 
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DAMPNEY COATINGS 
LIVE WITH IT! 


True measure of a high-heat coating’s worth is continuous 
operation at rated temperature. Yet many so-called “heat- 
resistant” coatings take only occasional peaks — fail rapidly 
in ‘round-the-clock service. 


Dampney coatings are rated always for day in, day out opera- 
tion at maximum temperatures. Hold them to it, if schedules 
call for steady heat, or let them fluctuate to ambient and back. 
Either way, Dampney silicones and ceramics give you full 
protection — with plenty in reserve. 


Most important, Dampney coatings are selected to meet specific 
conditions of operation, temperature and corrosive environ- 
ment. Thus they establish a lasting foundation easily maintained 
and permanently ending time-consuming and costly surface 
preparation. 


Repeat orders — from a typical customer, 26 in 12 months for 
enough material to protect 1,929,000 square feet of steel — is 
the best evidence we have that when industry wants honest 
high-temperature coatings, it remembers Dampney silicones and 
ceramics, identified by the two trade names, DAMPNEY and 
THUR-MA-LOX. 


We suggest you do likewise when you want real protection — 
resistant to 1000°F., to atmospheric corrosion, and to weather 
exposure — for these industrial hot spots . . . 


stacks and breechings turbine interiors 
steam lines precipitators 
kilns coke ovens 
forced and induced draft fans incinerators 
heat-treating furnaces pulverizers 
autoclaves and retorts blast and open hearth furnaces 


Remember, too, the first Dampney trade name and product, 
known and used today the world around, APEXIOR 
NUMBER | for boiler interiors. For all hot metal, wet or dry, 
the best protection available is made and marketed by 


MAINTENANCE 
FOR METAL 





HYDE PARK, BOSTON 36, MASSACHUSETTS 


Coatings for all temperatures to high heat— 
all corrosive environments. 





ION EXCHANGE RESINS serve the new atomic navy 


In Atomic Powerplants on Nuclear-Powered Submarines, 
AMBERLITE Ion Exchange Resins Remove 
Radioactive Contaminants 


Because water impurities become radioactive when exposed to 
radiation, cooling water which passes through reactors on Navy 
atomic submarines is treated by passage through beads of spe- 
cially-developed, highly active grades of AMBERLITE Ion Exchange 
Resins. These resins remove all metallic ions from the water and 
also are used to control pH of coolant within safe limits. In addi- 
tion, they have the important advantage of concentrating in small 
volume the radioactive materials which they remove from water. 


These special cation and anion exchange resins for reactors are 
usually supplied in an intimate mixture for use in MONOBED units. 
Complete technical information on special Nuclear Grade 
AMBERLITE Ion Exchange Resins and their uses will be sent 
promptly on request. Consult your engineering company experi- 
enced in water conditioning on how AMBERLITE resins may 
serve you. 
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AMBERLITE and MONOBED are trademarks, Reg. U.S. Pat. 


Off. and in principal foreign countries. 


Chemicals for Industry 


rd ROHM & HAAS 


COMPANY 
THE RESINOUS PRODUCTS DIVISION 
Washington Square, Philadelphia 5, Pa. 
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HOW DO YOU SELECT MECHANICAL DRAFT FANS ? 


By price alone? Undoubtedly not because proper fan experience combined with “Q” Factor* construction 


performance cannot be obtained by cut-rate methods. It | makes the complete line of “Buffalo” Mechanical Draft 
must be engineered and built to a standard, not a price. Fans a best buy in the long run. 

“Buffalo” Mechanical Draft Fans are built to an engi- Be sure to phone your “Buffalo” Engineering Represent- 
neering standard with over 80 years experience and hun- ative when you want reliable, high efficiency, long life 


dreds of installations to back it up. This engineering mechanical draft fans. 


*The “Q”™ Factor the built-in Quality which provides trouble-free satisfaction and long life. 


BUFFALO FORGE 
COMPANY 


Buffalo, New York 


—_ Buffalo Pumps Division e Buffalo, N. Y. 
Type CR Iype BLH Type BA 


Radial Blade Fan Backward Curve Fan. Airfoil Fan. Canadian Blower & Forge Co., Ltd., Kitchener, Ont 


VENTILATING * AIR CLEANING © AIR TEMPERING © INDUCED DRAFT ¢ EXHAUSTING e FORCED DRAFT * COOLING © HEATING © PRESSURE BLOWING 
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PACKAGE 
AIR PREHEATER 


gives twofold economy 
at Braintree’s new 
power station 





PACKAGE DESIGN FACILITATES 
INSTALLATION; FUEL SAVINGS TO 
WRITE OFF COST IN 2 YEARS. 


Braintree, Mass., has achieved an 
economic double-header with the 
Air Preheater in their new power 
station: 

1. Initial saving: The Package Air 
Preheater, shown above, was de- 
livered as a completely preas- 
sembled unit. All it needs is gas 
ducts and a power line and it’s 
ready to work—installed at a frac- 
tion of the time and cost required 
for conventional units. 

2. Long-term savings: Records 
prove that Braintree’s Package 
Air Preheater can pay for itself— 


just on fuel savings alone—within 


two years. 

Package design gives you these 
advantages on boilers as small as 
25,000 pounds of steam per hour 
—or as large as 250,000 lbs per 
hr. And a Package Air Preheater 
is one of the surest ways to reduce 








fuel consumption: you cut your 
fuel bill 1% with every 45-50°F 
increase in preheated air tem- 

perature. 
Get all the facts. Write today 
~ for your copy of the free 14-page 
Complete and ready to run, Package Air Preheater is lowered through steelwork of new booklet describing the multiple 
power station at Braintree, Mass. Installation at Braintree Electric Light Dept. uses 7 : 2 
largest available package preheater, with a diameter of approximately 12’. Fitted to a Savings you get with a Package 
130,000 lbh per hi boiler, this Package liv Preheater will boost combustion air tem era- Air Preheater. 

/ npera 


ety attr i et tent fo ko THE AIR PREHEATER 
CORPORATION 


60 East 42nd Street, New York 17, N.Y. 





Still ANOTHER Cottrell Advancement By Western Precipitation... 


UNIQUE “FULL-RANGE” RAPPER CONTROL 
PROVIDES ENTIRELY NEW STANDARDS 
OF VERSATILITY 





With so many variables to be compensated, unusually wide 

adjustability of the Rapper System has long been a prime Mersey ncaa vane deal " 
objective for optimum operating efficiency. But complex fac- td la aed 

tors have prevented its attainment until development of 

Western Precipitation’s new ‘‘Full Range’’ Rapper Control. 


By simply adjusting a few dials, ‘‘Full Range”’ Controi permits: 
> FuLL FREQUENCY apuustMeENT Other Important Advantages... 


oe a complete rapping cycle every 50 seconds to one every 
¥% hours...or any desired cycle in between! 
en! mar 
Greater Safety: The “Full Range” Control has no 
dangerous high voltage circuits to endanger personnel. 


© 
FULL INTENSITY apsUsTMENT 
Entire unit is in “low-voltage” category. 


from zero to maximum over an unusually wide range! 


All ‘‘Passive"' Design: There are no motors, gears, 


FULL PATTERN apuvuSTMENT 
or other high maintenance components in the “Full 


| 4 or 8 impacts per cycle can be selected, with each cycle 
varying from light to heavy on successive impacts within the Range” Control. It is completely electronic. 


cycle—all automatically controlled to a choice of pre-selected 
operating limits! Space-Saving Compactness: The “Full Range” 


/ Control requires about half the space of previous designs. 
Also is water and dust tight—can be located virtually 


vee NEW BROCHURE ) anywhere. 
which describes and illustrates the new - : 

“Full Range’ Rapper Control —the latest 
product of Western Precipitation’s pro- 
gram of continuous advancement! 


Unitized Circuitry: All related parts are unitized 


into separate “cans” for simplified maintenance. 


For quick assistance, call or 
WESTERN wire collect our nearest otce NY 
PRECIPITATION 


COTTRELL Electrical Precipitators CORPORATION 
LTICLONE Mechanical Collectors 
CMP Combination Units 
DUALAIRE Jet-Cleaned Filters 
THERM-O-FLEX Hi-Temp Filters LOS ANGELES 54 - NEW YORK 17 + CHICAGO 2 + PITTSBURGH 22 + ATLANTA 5 + SAN FRANCISCO 4 
TURBULAIRE-DOYLE Scrubbers Representatives in all principal cities 


HOLO-FLITE Processors 
Precipitation Company of Canada Ltd., 8285 Mountain Sights Avenue, Montreal 9 


HI-TURBIANT Heaters 


Engineers and Constructors of Equipment for Collection of Suspended Maternal from Gases . and Equipment for the Process Industries 
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BUELL PUTS DOUBLE EDDY” 
TO WORK TO INCREASE FLY 
ASH COLLECTION EFFICIENCY! 


Ordinary cyclones provide limited efficiency in collecting boiler fly ash, 

because of “double eddy” currents inside all cyclones. But Buell Cyclones 

make the Double Eddy work to increase efficiency.—The Double Eddy circulates 
vertically inside all cyclones acting against the normal separating force of 

the spinning stream of gas and ash. Buell Cyclones have a narrow “Shave- 

off” port (2) at the top of the casing. This port catches and removes ash 
trapped in the Double Eddy. It makes the cyclone more efficient instead of less. 
—Only Buell Cyclones have the Shave-off. And only Buell Cyclones combine this 
efficiency with large diameter: they will not clog or plug even with loadings up 

to one pound of ash per cubic foot of gas. No field fitting is needed: they are 
completely assembled and match-marked before shipment. They can be completely 
lined, inside and out, against heat, corrosion and abrasion. —For a list of installa- 
tions near you, a copy of our Catalog 103, or other information, call our nearest 
representative, listed in the telephone classified directories of most major cities under 
“Dust Collection Systems”. Or write Dept. 70-J, Buell Engineering Company, Inc., 123 
William Street, New York 38, N. Y. (Subsidiary: Ambuco Limited, London, England.) 
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1. Inlet for 
dust-laden 
flue gas. 

2. Dust Shave- 
off port. 
3. By-pass dust 
channel. 
4. By-pass re-en- 
try opening. 
5. Dust outlet. 
6. Clean flue gas 
' outlet. 
EXPERTS AT DELIVER- 
ING EXTRA EFFICIENCY 
IN DUST RECOVERY SYS- 
TEMS + Cyclones - “SF” 
Electric Precipitators - 
> Combination Systems + Dry 
Classification ang 


i. SD hue 
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For Want of a Nail... 


Ihere was a time when Poor Richard's Almanac authored by Benjamin Frank 
lin was popular reading. Its pages were full of sharp admonitions all aimed at im 
proving a man or bettering his state of life. Today such personal remonstrances 
seem to be considered childish or ‘‘corny.’’ Yet we personally wished Poor Richard 
was still strong among us when we took in the discussion at the session on Standards 
it the recent Instrument Society of America meeting in Chicago, September 24 
We need his help. 

It seems that at the recent International Standards Organization conclave at 
Lisbon, Portugal, a proposal was advanced to eliminate the English screw threads 
from the International Standards. At that meeting there was no official American 
representative and the report of this absence was gravely received. 

Che official U. S. member of the International Standards Organization is the 
\merican Standards Assn-—a very able and informed body for ISO representation. 
\s a nation we also boast another equally knowledgeable group, the National Bu 
reau of Standards, from among whose personnel informed individuals conceivably 
iso could be chosen. Unfortunately, neither organization has funds sufficient in 
its budget for attendance at a// ISO ineetings. As a result, we are led to believe, 
\merican representation at the ISO has become largely a haphazard one and at the 

mmittee and subcommittee levels it often is non-existent. 

\ moment’s contemplation of the value of International Standards to a heavy 
industrial country such as ours should produce in all of us the deep concern over this 
so participation that it did in the minds of the registrants at the Instrument So 
Chose industrial concerns actively engaged in export work must 


ciety meeting 
recognize even more keenly the danger to their future of possible international stand 

ids prejudicial to their product and their trade. Unquestionably there are individ 

ual companies so affected who would assign personnel if requested. But it is far 
better, in our opinion, that the representatives be first ASA or NBS men even if these 
organizations call upon industry to furnish the manpower. 

We are loathe to add our voice to the chorus oi those calling attention to how 
others are besting us in open trade competition. But perhaps we can profit from 
outside practices. It is our understanding, for example, that other countries, espe 
cially those most anxious to grow in world trade, send the same personnel year aftet 
yeal Phis growing experience endows upon these talented representatives, already 
fluid in the diplomatic languages, an equal fluidity with ISO procedures and prac 
tices so that they can subtly and effectively promote their national interests in the 
world’s markets. This is the type representation we should have. If industry 
must through contributions enrich the budget of ASA or our foreign trade-minded 
Congressmen through appropriate Committee actions readjust the NBS income to 
ifford this class of continuing representation we say go ahead. In Poor Richard's 
words, ‘“‘Keep thy shop and thy shop will keep thee.”’ 
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Fig. 1—Controlled system schematic showing heated and unheated parts 
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Dynamics of Superheater Control 


By P. PROFOS 


The improved control of steam temperatures in boilers 
is not a technical objective only; it is also desirable 
from an economic viewpoint. Exact temperature 
control allows savings on prime costs, it improves ef- 
ficiency and increases reliability. It is therefore 
quite understandable that guarantee requirements 
The 


temperature control and 


in this respect are becoming more stringent. 
technical improvement of 


the safe acceptance of guarantee undertakings, 
however, would not be possible if the control char- 
acteristics were not amenable to preliminary calcula- 


tion based on the now known design data. 


DVANCES in steam engineering in recent years 
have led to an increase in the importance of tem 
W here 
better quality 


perature control in superheaters tem 
peratures are not controlled 


materials have to be used in the boilers than would really 


accurately 


*Published with perm on from tl 
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Sulzer Brothers, Ltd. 


correspond to the nominal working data. Temperature 
deviations are a disadvantage in turbines; 
temperatures are too high, they endanger the machine, 
ind when they are too low, they cause efficiency losses 
rhus a 


also when 


which in modern plants are far from negligible 
drop of 5 C below the nominal admission temperature 
entails a loss of efficiency of about 1% Economic as 
well as technical considerations have therefore led in@re 
cent years to the application of stricter standards to 
superheater temperature This trend 


stresses itself in the more exacting requirements imposed 


also 


control 


by guarantee clauses 

Suppliers of boilers and control equipment, however, 
can only offer closer tolerances in this respect if they 
have some fairly reliable means of determining the con 
trol characteristics of the boiler in advance on the basis 
of the design data. Here the development of the theory 
of superheater control has come to their aid, and it will be 
shown below that this theory now allows useful predic 
tions to be made as to the actual behavior of a boiler 


equipped with a given control system. Once again, 
therefore, it may be emphasized that it is no longer neces 


sary to depend on pure empiricism which, particularly in 
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this field, has generally proved to be so expensive 

The investigations on which the following paragraphs 
are based were carried out to a large extent in the course 
of the current research work of Sulzer Brothers Ltd., 
Winterthur. 


Transfer Characteristics of Superheaters 


If the control problems of superheaters are to be 
treated mathematically it is imperative that the transfer 
characteristics should be known. The description of 
these transfer characteristics must be based on the fact 
that evety superheater is in practice a system of heated 
and unheated parts consisting in essentials of tubes; this 
situation is illustrated diagrammatically in Fig. 1. The 
unheated parts are the supply pipe and distributing 
header at the inlet and the collecting header and dis 
charge pipe at the outlet. The heated part is composed 
of the tubes of the heating surface exposed to heat by 
radiation or convection 

The outlet temperature 3, which it is always required 
to control is affected in operation by a number of factors 
These are the amount of heat absorbed by the super 
heater, given by the heat flow Q transmitted to the tube 
system; the steam throughput of the superheater, given 
by the flow 7; and the inlet temperature J, of the steam 
entering the superheater system. This latter tempera 
ture is that prevailing at the point where the steam tem 
perature is regulated (point of control action), and un 
der transient conditions is generally not identical with the 
inlet temperature J, of the steam entering the heated 
tubes. These three variables 3,, Q and MW thus offer a 
means of controlling the outlet temperaure, but at the 
same time they represent the possible disturbing factors 
which may affect the controlled system represented by 
the superheater 

On account of these three variables affecting the outlet 
temperature, a superheater system also has three dif 
ferent modalities of transfer. The effect of a change in 
the inlet temperature on the outlet temperature #, is 
quite different in its dynamic character from that of a 
change in the heating, and the latter again differs in its 
action from a change in the throughput 

The transfer characteristics of a heated or unheated 
tube can today be calculated for the three variables #,, Q 
and . as input signals and the outlet temperature J, as 
output signal Phe 
on the following simplified assumptions, the applicability 


calculations are based in essentials 


of which it may be necessary to check in individual cases 
The values relating to the working media are constant 
over the length of tube under consideration (when the 
tubes are long it may be necessary to calculate section by 
The effect of the compressibility of steam is 
negligible. The temperature of the tube wall has no in 
fluence on the amount of heat Q transferred to the tube 
The conduction of heat in the axial direction in the tube 
is regarded as negligible, while in the radial direction per 
fect The heat 
transfer is taken to be independent of J, and Q, but its 


section ) 


conduction is assumed coefficient of 
dependence on / is taken into account 

The derivation of the equations characterizing the 
transfer properties of such a tube will not be set forth 
here, the reader being referred to the literature (1—3) and 
to a special paper on the subject now in preparation 
Instead, only the complete formulas will be given in the 
form of the frequency response, which, in view of the com 
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paratively complicated conditions, is the most suitable 
mode of presentation both for the calculation of the 
transfer characteristics of the controlled system and for 
the subsequent control investigations. 

If a length of heated or unheated tube through which 
steain is flowing is represented in Fig. 2 in simplified form 
as a dynamic element, the three frequency responses 
which characterize its general transfer properties are de- 
fined as follows:! 


L} Ad, | 
£} Ad! 


£} Ad, | 
Li Ag } 


£} Av, } 

\ ' 

LY) Aw i] 

Aw 
The symbol A placed in front of the input or output 
signals means that, in the usual way, only the deviations 
from the steady-state values are to be considered. A 
horizontal arrow above an expression means that this 
value is a vector. The following formulas are found for 
these frequency responses: 


ay, by ( 
QO. pla + db + p) 


a, by (’ \ 
a t b, + p \p 


coefficient of heat transfer between 


steam and tube wall 


inside circumference of tube 





4Q ——F —$<$<$<—> A? . 


4M ——————4 
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Fig. 2—Superheater surface shown as a dynamic element having three 
input signals and a common output signal 


Use is here made of the Laplace transformation given by Doetsch 





Fig. 3—Transfer characteristics of a superheater heating surface, represented by the three transient responses f 


* fiy*, fo*, with the three fre- 


quency responses Fi)", Fo*, Fy * 


f, and f, 


cross-section of steam flow and of metal 


in tube respectively 


Yp and y, 


specific gravity of steam and_ tube 


material, respectively 
Cp and ¢, specific heat of steam and tube ma 
terial, respectively 
mean velocity of flow of the stean 
length of tube section 
exponent of flow velocity in the Nusselt 
the 


with 


coel 


turbu 


exponential equation for 
ficient of heat transfer 


lent flow (m 0.8) 


temperature difference between wall 


and steam 


value 

The difference between the three modes of transfer 1s 
apparent from equations (4), (5) and (6). On the other 
hand, these relationships also show that there is some in 


Che subscript “0” indicates a steady-state 


terconnection In 


F,* 


particular, 
given in equation (4) 


the frequency response 


is also contained in the other 
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two equations. F,* 
to calculate once F;* 


and F,,* are comparatively simple 
is known 

Fig. 3 shows the response curves obtained from equa 
tions (4), for a concrete example, together 
with the corresponding transient 
calculated from them (see example 


(5) and (6) 
response functions 
3). The approxi- 
mate data from which the response curves are derived 
are: length of tube 48 m, outside diam of tube 35 mm, 
wall thickness 9 mm, mean velocity of flow 23 m/sec, 
mean steam pressure 183 kg/sq cm, inlet and outlet 
temperatures 462 C and 565C. The minus sign has been 
disregarded for graphical reasons in representing Fy,* 
rhe relations indicated above for the transfer char 
acteristics apply, as already mentioned, to a single length 


of tube. In a composite system, which is the form 


normally taken by a superheater, the frequency response 
relations obtaining must be calculated from the single 


lengths. If the formulas for one tube length are used 
with the necessary adaptations, the calculations should 
offer no difficulty provided that certain points are kept in 
mind 
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Unheated inlet part 


Fig. 4—Calculation of controlled system transfer characteristics from those of its heated and unh 


As previously mentioned, a superheater system con- 
sists of an unheated inlet part, the heating surface proper 
and an unheated outlet part. The transfer properties’ 
resulting from this arrangement are shown diagrammat 
ically in Fig. 4. A change in the temperature of the in- 
flowing steam, Av,, will therefore be transmitted to the 
outlet temperature change Av’, by way of the unheated 
inlet part, the heating surface and the unheated outlet 
part. The mode of transfer is then characterized by the 
product of the frequency responses F5*,, Fy*: and F5* 
of these three parts, as set forth in the equation 


Ad, 


Ad, 


F'5*,- F9*o- Fo*3 (7) 


If there is any change in the heating, the disturbance 














sk} 


ontrol by 
ontrol by 
ontrol by 


irface cooler with outside coolant 


irface cooler with heat transfer to evaporator 
( pray desuperheating 
Control by tilting 

Control by tilting with reheater 
Control by flue-s 
Control by flue-s 


0 superheater 


damper with reheater 


Heated part (heating surface) 


¢ 


Unheated outlet part 





ted parts 


is transformed in the heating surface into a temperature 
change at the outlet, dynamically characterized by the 
frequency response F,*,. This temperature change is 
thereupon transferred to the controlled variable through 
the unheated outlet part, so that the expression for the 
transfer characteristic as a whole is: 

> 


Av, 


Fy (8) 


; 
AQ 


A change in the throughput produces no temperature 
changes in the unheated parts of the system (the fre 
quency response Fy is in this case zero, as the tempera- 
ture difference 0 disappears in the absence of any heat- 
ing). In the heated part, however, there is again a cor- 
responding temperature change at the outlet from the 

















SULZER 
91645 


reheater 
| evaporator 
DK-~--surface cooler 
K cooling-water valve 
Z two-way bypass valve 
I injection valve 
S adjusting servomotor for tilting burners 
KI adjusting servomotor for dampers 
RG flue gas 


Fig. 5—Diagrams showing several forms of superheater temperature control (the controlled superheater is framed by the dotted line) 
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being charac 
his tempera 


heating surface, the dynamic behavior 


terized by the Irequency response | 
ture change is transformed in the unheated part, as be 
that the following 


characteristics 


fore, in accordance with Fy*:, so 


formula transfer when 


there is any disturbance of the throughput 


applies to the 


Ad 


Practical Forms of Superheater Temperature Control 


It is clear the superheater outlet temperature can be 

iny of the three input signals 
other these three 
disturbances. In 


controlled by regulating 
v,, QOand M. On the 
iriables may ilso be the « 


hand, any of 
iuse ol 
practice the case in which control is exercised through a 
three input signals is comparatively 
three of the 
affected 


few examples will illustrate 


single one of the 
I sually 
directly or 


rare two or all variables will be 


either indirectly sometimes 1n 
voluntarily \ 
happens 

Fig. 5 
temperature 
boiler hig 


controlled by ( 


how this 


hows diagrams of common types of superheater 


control These apply to any design of 


a illustrates a case in which the tempera 


ture 1 ooling the steam entering the 


uperheater iown as a broken-line frame) with the aid 


olf a surtace cooler Provided that the heat given up to 


the coolant is not subsequently transmitted to the steam 


generator syste! the inlet alone 1s 
lated 
of the he 

Fig. Sb 
the controlled superhe 
of the 


temperature regu 


without there being any secondary modification 


team throughput 
e in which the inlet temperature to 


iting o1 
how L < 
ill be 


iter « iltered by passing some 


rheated steam through a heat 
returning it cooled, to the 


ibstracted from the 


inflowing, presupe 


exchanger before somewhat 


main steam flow Phe heat steam 1s 


here transmitted to the e The direct result 


of the 
temperature 


iporator 
therefore a change in the inlet 
the 


in example —the 


control action 1s 


change in steam 


take 


but indirectly a 
throughput also results; for if to 
through the 
supplied to the ey 


team flow cooler 1s increased, more heat 1s 


thereby porator, and this causes an 


increase in the amount of steam generated 


he situation is similar in the spray desuperheating 


system shown in Fig. 5 Che primary aim of injecting 
the presuperheated steam is to reduce the 


Voluntarily or 


water into 
however, it 


that the 


temperature involuntarily 
imount of steam, so 
; both ” 


sort of interplay occurs in the cas 


ilso causes a change in the 


control action again affect and 


The same illus 


trated in Fig. 5d and 5t Pig. 5d represent tempera 


ture control system employing tilting burnet which 
unounts of heat given up to the super 


result 


the ratio of the 
heater and to the ev iporator can be varied Phe 
is a direct change in the heating of the superheater 
with an indirect chafige in the throughput on account ot 
the modified heating of the evaporator Fig. 5f shows 


the same system with damper control 

Che arrangements shown in Fig. 5e and 5g are funda 
mentally dierent In 5e, for instance, the ratio of the 
amounts of heat supplied to the superheater and the re 
heater tilting the 


the heating alone is modified, since a change in the heat 


is changed by burners In this case 


ing of the reheater does not have any repercussions on the 
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superheater. Much the same applies to the system 
shown in Fig. 5g with damper control 

In the following review of the dynamic characteristics 
of superheater control systems, not all of the cases il 
lustrated in Fig. 5 will be treated; nor for that matter 
do these cases cover all the arrangements which may be 
adopted in practice. Instead, a few typical examples 
will be dealt with, and it should then be a simple matter 
to deduce from these equations applying to the other 


systems 


Superheater Control Systems Affected by Single Distur- 
bances 

In this section the transfer characteristics of the super 

heater control system will be considered alone, without 
reference to the rest of the boiler 

rhis 


ne to og 


CASE | CONTROL ACTION ON HEATING ONLY\ 
case corresponds to the examples shown in Fig 
rhe equations, however, can easily be adapted to the 
example illustrated in Fig. 5a 

The block diagram of this control system is given in 
Fig. 6. Fig. 6a shows the nature of the control loop 
without the intrusion of any disturbances, while in Fig 
6b a loop is shown which includes the intrusion of a dis 
turbance (in the form of the inlet temperature) 

In the case without disturbance intrusion, the fre 
quency response of the opened control loop is given by 


the following equation 
f ‘9° Fe- Fy 10) 


where 
k frequency response of controller 
Fy frequency response of elements between ma 
nipulated variable (servomotor position) and 


heat flow to the superheater heating surface 


Che disturbance variables are 3,, Q and 7, which may 
act singly or in combination. The modification of a dis 
turbance from the point of its entry into the control loop 
up to the measuring point is characterized by the dis 


turbance frequency response. The formulas are 


Fey = Fy Foo = Fo Feu = Fr 11 


Che resultant which characterizes 
the transfer properties of the closed control loop when a 


is given by the known formula 


Irequency response 


disturbance occurs 


> 


A’ 


> 


AS 


Here AS signifies quite generally the disturbance variable 
icting on the control loop from the outside. With the 
of the known methods (e.g., 4), the resultant 
which is a key to the con 
trol action following upon an abrupt change in the dis 


aid of one 
transient response function 
turbance variable-—can be determined from the resultant 


frequency response. The basic equation is here (15), 
which expresses the relationship between the frequency 


response and the transient response in a general form 


) Frees | 
pb { 


In this and the following sections we shall give only 
the resultant frequency response 


October 1959—-C OMBUSTION 





4M AQ Abe 














Fig. 6a—Block diagram of superheater control system acting on the heating 
with no superimposed disturbance 


In the case under consideration, the following equa 
tions are obtained for the three possible forms of disturb 


ance 


(14c) 


Equations of similar form can be set up for a control 
system acting on one of the other two input variables, 
d or M 

When a disturbance is introduced, the desired resultant 
frequency response can be found by a method which will 
now be explained. The deviation of the controlled vari 
able, Ad,, is the sum total of the changes caused by the 
disturbance variable J, and by the control action (AQ) in 
the controlled system, as expressed in the equation (see 


also Fig Ob 


Fig. 7a—Block diagram of a superheater control system with injection 
control, with no superimposed disturbance 
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Fig. 6b—Block diagram of a control system acting on the heating with 
disturbance introduced by superheater inlet temperature 


The control action AQ is produced by the sum of the 
signals coming from the controlled variable (outlet tem 
perature) by way of the controller and from the disturb 
ance variable (inlet temperature) by way of the disturb 
ance intrusion system: 


AQ = Ad: Fr: Fy + Aw’ Fsa° Fx 
F,, is here the frequency response of the control elements 
of the disturbance intrusion system. If this last equa 
tion is substituted in the first, it follows that 


Ad, Ad, 


Fy + Ada: Fo: Fe: Fy + Ade: Fo: F sa: F; 


- 


If we combine the expressions with the factors Ad, and 


Av, it further follows that 


Ad, (1 Fy) Ad,.(F5 + Fo-Fsa-F x) 


Fy - Fr : 


from which the desired resultant frequency response is 
found to be 











Fig. 7b—Block diagram of a superheater control system with injection 
control and disturbance introduced by superheater inlet temperature 
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It should be noted that in this formula Fy-Fy-Fy 1s 
equal to the frequency response F> of the opened control 
loop. This equation reveals, for instance, the dynamic 
properties which must be given to the elements of the 
disturbance intrusion system in order to get the best re 
For with / 0, 


sults we obtain 


(lor I 4 


Fo: Fy 


ACTION ON INLET ‘TEMPERATURE ANID 
following reasoning applies 


?; CONTROI 

THROUGHPUT Phe 
to the cases shown diagrammatically in Fig 
Similar considerations will also hold good for the examples 


CASI 

STEAM 
5b and 5« 
5f. We shall here investigate a super 


in Fig. 5d and 


control system 


a control system with and without disturb 


heater with injection desuperheating 


(nce more 


ince intrusion will be considered The corresponding 


block diagrams will be found in Fig 
to the 
shall consider 


7a and 7b 
characteristics of this 
briefly the thermody 
injection, using the fol 


Betore we turn dynam 
control system, we 
conditions at the 


TA point ol 


lowing symbol 


steam flow before and after injection 
enthalpy of steam before and after in 


WV, and J\/ 
and 
jection 
WU, flow of spray water 
enthalpy of spray water 


Che following balances can then be set up for the work 


ing media and heat quantities 
vw,+ M V/ 
V/ + M 


From this the total heat of the steam after passing the 


point of injection can be worked out as 


) 
2U 


>M_/M, 


Fig. 8—Temperature characteristic with spray desuperheating (steam 
conditions before injection point 160 kg/sq cm, 500 C, spray water temp 


240 C) 


from which the steam temperature can be determined if 
the pressure is known. Given the thermodynamic con 
ditions of the steam before the point of injection and 
those of the spray water, the temperature after injection 
can thus be calculated as a function of the amount of 
water injected. The relationship obtained in this way is 
plotted in Fig. 8 for a numerical example 

The steam temperature after the point of injection is 
not a linear function of the amount injected. Where de 
viations are not excessive, however, the function may be 
taken as linear without any serious error being involved 
The tangent can then be used instead of the curve for a 
given working state (represented, for instance, by point 
P in Fig. 8) Che following then holds good: 


Ov, ov 
( M, O., 
O 
VW, 


and a relationship is thus found between a change in the 
injection flow A.\/, and the resulting change in the steam 
temperature after the point of injection, Ad,: 


1,(./ fixed parameter 


AM k- Ad, 7 


where k M,/a he change in the steam throughput 


caused by a change in injection is identical with the 


change in the quantity of spray water, 1.e 
AM AM (18 


The freque ney response of the ope ned control loop can 
now be calculated on the basis of the diagram in Fig. 7a 
A change in the quantity of spray water first produces 

i change in the temperature of the steam entering the 
which is transmitted through 
The change in the steam 


superheater system, Ad 

this the outlet 
throughput caused by the change in the amount of water 
injected also brings about a change in the temperature at 
We may ther« 


system to 


the outlet from the superheater system 
fore write for the temperature change at the superheater 
outlet 


Ad Ad.: Fy + AM-F 


from which we obtain, with equations (17) and (1S 


Av Ad.(F,y + k-Fy) 


The Irequency response ol the opened control loop call 
now be calculated 


F (Fy + k- Fy) Fe: Fy 
If an external disturbance acts upon the controlled sys 
tem, the resultant frequency response calculated with 


equation (12), is again 


Fine : M : : 19%) 


If means of introducing a disturbance, for instance in 
the form of the inlet temperature, is added to the control 
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system, as illustrated in the diagram in Fig. 7b, we ob 
tain, by analogy with equation (15), the relationship: 

Ad Fo + (Fo + R- Fy) Fa: Fy 

l — (Fy + k- Fy) Fpe- Fy 


(20) 


A’ 


The rule for the most favorable choice of frequency re 
sponse for the elements of the disturbance intrusion sys- 
tem would consequently be: 


Fs 
(Fo + k- Fy) F x 


Superheater Control System Behavior During Steam 
Generator Load Changes 


The relationships set up in the foregoing section were 
based on the assumption of a superheater system divorced 
from the other parts of the boiler. In reality the super 
heater system, of course, forms part of the boiler, and any 
changes taking place in it during the control process in- 
evitably have an effect on the other parts of the boiler 
Conversely, changes in these other parts will generally af 
fect the superheater also, and these interactions must be 
taken into account, particularly in the investigation of the 
behavior of a superheater control system during changes 
of load in the boiler 

In the following paragraphs two typical cases will 
again be selected for consideration. The same reasoning, 
however, may be applied (the necessary changes having 
been made) to other alternatives 


CASE 3 
DESUPERHEATING 
with reference to the diagram in Fig. 9 
ture of the steam leaving the superheater, J3,, acts through 
the controller upon the amount of water injected and 
thus influences the temperature of the steam entering 
while having a secondary effect on the 
The supply of heat to the super 


WITH ONE SUPERHEATER AND SPRAY 
Che control actions will be deseribed 
The tempera 


S0ILER 


the superhe ater 
steam throughput 
heater is a function of the loading of the boiler A, and 
this also applies to the heat supplied to the evaporator 
If the boiler load changes, the firing system is first ad 
justed, after which the flow of heat to the evaporator and 
superheater changes in accordance with the transfer char 
acteristics. The transfer characteristics governing the 
changes of the heat flow to the evaporator will here be re 
the while Fy; 
will symbolize the corresponding frequency response for 
Che effects of a change in the heating 
In the evapora 


presented by Irequency response 
the superheater 
on the superheater are already known 
tor any alteration of the heating causes a change in the 
amount of steam generated, A./,, the dynamics of this 
process being characterized by the frequency response 
F, 

On the assumption that the transfer of heat is not 
seriously affected by the temperature of the heating sur 
faces, the frequency responses F,,, and inde 
pendent functions. If storage effects in connection with 
load changes are neglected, the relationship between Ad 
and A’, can be fairly easily calculated in the form of a re 
sultant frequency response. 


Fi are 


rt 


1¢ alcul response Fry 
the scope of thi artic 


ition 


and F 777) and Fy lies outside 


be possible to carry out an accurate calculation 
of the boiler 


In principle it w 


I 
allowing for the storage aracteristic 
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The disturbance variables AQy and A.M, acting 
directly on the superheater system can be calculated as a 
function of the inital disturbance (load change) Ad 


AOp 


Ad: Fut 


AM, = AQy-Fy = Ad-Fyy-F, 


The changes in the superheater outlet 
caused by these disturbances are therefore 


temperature 


+ 


Ad,’ AODy ; Fo Ad. Fit ’ Fy 


« 


Ad,” AM,-Fy Ar: Fuy-Fy- Fy 


By superposition, the temperature movement at the 
superheater outlet as a whole then becomes: 


> - > 


A’, Ad,’ + Ad,” AM Fav: Fo + Fuy: Fy: Fu) 


from which the disturbance frequency response can be 
obtained directly: 


Fi, Fut (21) 


; Fo t Fin F, Fy 


The equation for the resultant frequency response with 
spray desuperheating can now be written directly by 
analogy with equation (19). The frequency response of 
the opened control loop can here be taken over un 
changed: 

Fut ‘Fa t Fin F, ‘By 
| (Fy + k- Fy) FR: Fy 

For the case in which a disturbance is introduced, for 
instance in the form of the superheater inlet tempera 
ture (broken line in Fig. 9), we obtain by analogy with 
equation (20) the following relationship 
“Fo T Fy Fy: Fy + (Fy +k Fy) Fy,° Fy 

| (Fs + Rk: Fy): Fre: Fy 


F... F ui 


(25 


From this it would again be possible to extract in 
formation as to the best choice of the dynamic character 
istics of the elements of the disturbance intrusion system 























Fig. 9—Block diagram of superheater control system with spray desuper- 
heating, allowances being made for load change disturbances (broken 
line shows superheater inlet temp disturbance intrusion) 
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[wo SUPERHEATERS AND SPRAY 
Chis example represents an arrange 


CASE 4: BOILER WITH 
[)ESUPERHEATING 
ment very common in practice, v1z 
superheater, in which the whole superheater is divided 
into two series-connected but separately controlled parts 
It is assumed that spray desuperheating is employed in 
both superheaters Phe transmission of the control ac 
tions is shown in Fig. 10 

rhe transmission to the various parts of the heat sur 
face of the heating and flow disturbances produced by a 
load « hange IS gover d by the same principles as in Case 
i noted that the temperature and 
throughput changes brought about by the 
ilso affect superheater 2. This obviously 


should only be 
control of 
superheater | 
ipplies also to fluctuations of throughput originating in 
the evaporator 


Che disturbance frequency response for superheater | is 


calculated in exactly the same way as in Case 3 
I Fv, Fo, + Fuy- Fy: Fy 


ind the same applies to the frequency response of 


opened control loop of superheater | 


The resultant frequency response for superheater | 


which at the same time represents the disturbance fre 
quency response for superheater 2 in respect of tempera 


in therefore be written 


Fin Fk. T Fs F 
F, + hy Pr 


ture disturbances, « 


Che disturbance of the heating in superheater 2 


is in the case of superheater 1, by 


AO; 


AX 


Buoy F (27) 


Che flow disturbance A.\/ transmitted to superheater 2 


BI 


‘ 


, cascade control of the 


from superheater | can also be worked out as follows 


AM AM, + AM, 


(cf. diagram, Fig. 10). The component originating 


the evaporator is given by 


AM, Ad: Fay: F, 


rhe fluctuations of the flow caused by the water injection 
before superheater | can be calculated directly from the 
temperature movement after superheater 1, the following 
relationship applying 


AM, 
Che temperature movement after superheater |, however 


is itself connected with a change of load by equation (26) 
F....), so that the following holds good 


AM, 


AN: Fron, Fy Fe, -Rs 


Che total change in flow is thus 
AM AX (Fay: Fy + Fres,:Fr,- Fx,-k1) 

Che following disturbance frequency response is there 

fore found for the throughput disturbance in superheater 


) 


AM 

AXA 
Che total disturbance frequency response can thus be de 
termined as the sum of the three individual frequency 
Fo, and Fy On the other hand, the 
frequency response of the opened control loop is 


F5 (Fs, + ko- Fy.) Fr: Fx 


responses Fgy,, 


(29) 


Che desired temperature movement at the outlet from 


superheater 2 can now be calculated, since we find the 


= 
































Fig. 10—Cascade arrangement of two superheaters with spray desuperheating—allowance made for load change disturbances (without superim- 
posed disturbance) 
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following expression for the resultant frequency response : 


F 55, + F 50, + Feu; 


Foes 
i-- 


(30) 


Equation (30) can easily be put into its explicit form by 
introducing the expressions from equations (26), (27), 
(28) and (29), so that it is not necessary to proceed fur- 
ther here 


It has thus been demonstrated that the variations of 


temperature at the end of the boiler can be determined for 
sinusoidal load changes, while the same can be done for 
abrupt load changes by converting the resultant fre 
quency response F,,,, into the corresponding transient 
response | res 

The above paragraphs show that the control charac 
teristics of superheaters are amenable to preliminary 
calculation on the basis of the design data either when 


the system is considered in isolation or—a case far more 
important for practical purposes--when it forms part of 
the boiler. 

In judging this type of calculation it must of course 
be remembered that although the interconnection of 
superheater and other parts of the boiler has here been 
allowed for, there are various other secondary influences 
which have not been taken into account. These are, for 
instance, the storage effects already mentioned, the 
secondary effects of load changes acting through the air 
preheating system, and so forth. The theoretical 
knowledge today available would permit these influences 
to be allowed for in the calculations up to a certain point; 
but the present investigations show that, even with the 
simplifications accepted here, fairly complicated relation- 
ships are obtained, and that the work involved in evaluat 
ing these is probably very near the limit of practical ex 
pediency. 
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Fuel Element Failure at the Sodium Reactor Experiment 


During inspection of fuel elements on July 26 at the 
Sodium Experiment, operated for the Atomic 
Energy Commission at Santa Susana, Calif., by Atomics 
International, a North American Aviation, 
Inc., a parted fuel element was observed 

rhe fuel element damage according to the AEC is not 
No release of 


Reactor 


Division of 


an indication of unsafe reactor conditions 
radioactive materials to the plant or its environs oc 
curred and operating personnel were not exposed to harm 
Che occurrence is important from a tech 
a detailed study is under way to 


ful conditions 
nical standpoint and 
determine the precise cause of the damage 

rhe fuel element of the SRE is a cluster of seven stain 
less steel tubes, each approximately ; In. in diameter 
and 6 ft long 
uranium metal slugs 
The elements are suspended in the core of 


Each tube contains a column of 6-in. long 
These tubes are capped at the 
two ends 
the reactor by hanger rods from the upper shield 

To date, 34 of the 43 elements comprising the fuel load 
ing of the core have been examined by means of the fuel 
handling cask television system. It has been noted that 
five additional elements have only an upper half attached 
to the hanger rod In each case, all seven tubes of the 
fuel element cluster were parted and 
fuel element remained in the core 

Preliminary that the damage could 
have been caused by restrictions in the coolant passages 
introduction of an organic 
This material could have 


a portion of the 
lower half of the 
indications are 


resulting from inadvertent 


material into the reactor 
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come from leaks in the primary coolant pumps where 
tetralin, an organic compound, is used in seals to elimi 
nate sodium leakage into the pump bearings and drive 
Preliminary the fuel 
cladding of one element indicates the element was dam 
aged through formation of a uranium-iron alloy in the 
cladding in the area of the failure 

The SRE is the first experiment in the Commission's 
program to develop a sodium graphite reactor, one of the 
five original reactor concepts in the Commission's 1954 
Five Year Civilian Power Program. It was designed to 
produce 20,000 kw of heat and 6500 kw of electricity 

The purpose of the SRE is to develop the technology 
associated with the sodium graphite type of reactor and 
to provide a flexible tool to develop the advanced tech 
economically competitive 


investigation of stainless steel 


nology necessary to achieve 


power. This concept holds promise because of the high 
temperature, and high efficiencies, at which heat transfer 
systems using liquid metals can be operated without 
pressurization 

The reactor has been in operation since April 1957 and 
has demonstrated the feasibility of the sodium graphite 
reactor concept. On May 22, 1959, the SRE achieved a 
maximum steam temperature of 1000 F. This steam 
temperature is believed to be the highest ever produced 
by a nuclear reactor. The fuel loading, nearing the end 
of its useful life, was scheduled to be removed in the 
near future and replaced with a second core loading of 
thorium-urianum alloy fuel elements. 
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Right you are, the photograph was faked. As with prefabricating and 
installing critical piping, a genuine performance requires an experienced 
specialist. Write for our “Brochure” of shop and field facilities, and 


on your next high-temperature, high-pressure piping job... ask us in. 


W.K. MITCHELL & CO., INC. 
WESTPORT JOINT Philadelphia 46, Pa. 


PATENTETE 


MITCHELL PING 


PIPING FABRICATORS AND CONTRACTORS 
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Mr. Embach's article presents a very practical solu- 
tion to the problem of safe and economical storage 
of coal in bunkers. Of particular interest is the fact 
that the solution was achieved through successful 
liaison between different companies. The results oy S. 6. Sey 
of this cooperation are published here in the hope that 


others with a similar problem may benefit. 


A Safe Method for Storing Pulverized 
Coal at Trenton Channel 


HE Detroit Edison and Consumers Power Com INSTALLED BLANK———~__ 


panies operate with a joint spinning reserve for GAS I } 4 oy 
Michigan. Each system is supposed to restore its —.”»_ SCAVENGER - —V LINE 
own portion of the reserve as soon as possible after a loss VENT ——— > MANOMETER 
# generation, either by purchase or by starting addi ‘ ss - 
tional equipment Secause of the number of large units 
in service, Detroit Edison may need replacements of 
200 mw or more during system emergencies. Normally, 
standby reserve is obtainable from the low pressure sec 
tions of the older plants such as Marysville, Conners SEAL PLUG @ 
Creek, Delray, and Trenton Channel. S 
lrenton, being a pulverized coal fired plant, can bring ° 
on 100 to 200 mw of generation in about four hours time rr “COAL LEVEL AT HIGH 


ve 
as long as there is coal in the boiler bunkers; however, aa BIN ee 


with no coal in the bunkers, at least eight hours are re 


7~ 





' FORCED DRAFT 
quired to add 100 mw to the system. About the same FAN DUCT 


time is required at Marysville, Conners, and Delray be 
cause their low pressure plants are stoker fired. In 
short, if coal is not stored in the standby boiler bunkers at 
Trenton, loss of a large unit in the morning could re suenee- 
sult in a shortage of spinning reserve through both the COUPLE — 
morning and the subsequent afternoon peak periods. 
Because of need for readily available reserve, coal is 
kept in a predetermined number of standby boilers at 
rrenton Channel. Until recently these boilers had to be 


steamed at least every five days because the plant had BUNKER VENT 
COAL GATES _ \ TO FURNACE 














experienced fires when coal was left dormant in the 
bunkers. This practice resulted in considerable coal 
pile loss because the operation of high heat rate turbo 





generators was necessary when generation was _ not f Z£ igi 
: / 2 4 PRIMARY AIR LEFT OPEN 


needed ; TO KEEP AIR FROM BEING 
For this reason Trenton Channel ran a series of tests SUCKED THRU BUNKERS 


ind finally developed a safe method for storing pul BY FURNACE ORAFT 


verized fuel boiler bunkers. 

criZee uel in Dowe»°r D ers LJ COAL FEEDERS & LINES 

Description of Equipment on Which Tests Were Run bl TO FURNACE 
he low pressure section of the plant has six 56 mw 

urbo-generators which are supplied with 400 psi, 720 F. 


t Operations Engineer, Detrcit Edison Co Fig. 1—Coal bunker arrangement showing vents and seals 
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Fig. 2—Coal bunker temperature variation—normal storage system 


steam through a common header by thirteen 300,000 
lb/hr boilers and by steam from the high pressure plant 
through a 600,000 Ib/ hr reduction station. A centralized 
coal pulverizing house with 20 B & W Mills provides rela 
tively dry (1 to coal for the bunkers 
on both the high and low Phe 
burned in both plants is run of the mine bituminous coal 
per cent sulfur. <A repre 
would be 6.1 cent 
matter, 53.0 


Each low 


? per cent moisture 


pressure boilers coal 


containing between | and | 


sentative proximate analysis per 


moisture, $2.4 


fixed carbon, and 8.0 per cent ash 


cent volatile per cent 


pressure 


per 


boiler has two 75-ton bunkers, one feeding the east coal 


burners and the other feeding the west coal burners 
\ll bunkers are equipped with a scavenger vent system 
and all vent to the furnace (See Fig. | For test, 
thermocouples were both coal 
No. 10 Boiler Che test couples were installed in a ver 
tical row 


bunker 


installed in bunkers on 


one foot apart, starting from the top of the 


Test to Study Characteristics of the Fires 


For the initial test, approximately 40 tons of coal was 
pumped into each of the bunkers and then left to stand 
The temperatures indicated by the thermocouples in and 
above the coal were read hourly until the sixth day when 
gas fumes and a rapid rise in the temperature above the 
coal that the coal had begun to burn Phe 
boiler was put in service to empty the bunkers 


indicated 
Fig. 2 shows the temperatures indicated by thermo 
couples located above the coal, at the surface of the coal, 
and |! », 4 below of the coal 
From this test the following conclusions were reached 


, and 7 it the surface 


Coal temperatures near the surface rise steadily 
until the coal ignites 

rhe hot spots deve lop about 1S inches down in the 
coal rather than at the surface or deeper in the 


coal 


Coal temperatures in the lower levels and in the 
feeders do not rise significantly. 

lemperatures in the air space above the coal can be 
used to indicate fire 


From this data it appears that the fires do not start 
in the feeders or at the surface because heat is probably 
dissipated from these points as rapidly as it is generated 
Che fire probably starts about two ft below the surface 
where the heat is trapped and where new air can seep 
down into the coal to insure a fresh supply of oxvgen for 


increased combustion 


Test to Determine if Coal Can Be Economically Stored 
Under a Blanket of CO. Gas 


With the coal gates above the feeders closed, approxi 
mately 30 tons of coal was pumped into the bunkers and 
One hundred pounds of COs gas was 
the coal. Again 


illowed to stand 
then fed down into each bunker over 
temperatures were read hourly, and the bunkers were 
probed daily to determine the oxygen content at the 
various depths From the start, the probe showed that a 
blanket of CO. was not being maintained over the coal 
For this reason another 25 pounds of CO» gas was added, 
but without success 

Knowing that the volume of gas used was greater than 
bunker capacity, we suspected that the gas might be 
seeping down through the coal and out through the feed 
lo check this theory, Freon gas was released in the 
A halogen detector was used to 


crs 
bunker above the coal 
show that the gases were actually leaking out through the 
coal gates beneath the bunkers. Readings were taken 
until the coal began to burn on the 13th The 
boiler was put in service to remove the coal Fig. 3 
shows the readings taken at representative levels in the 
From this second test the following conclusions 


day. 


bunkers 
were reached 


Phe coal itself absorbs a large quantity of CO 
CO being heavier than air 
through the coal and leaks out of the feeders 


gas seeps down 
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Fig. 3—Coal bunker temperature variation—storage under CO, blanket 
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Fig. 4—Coal bunker temperature variation——storage with all air sources 
sealed 


With a one shot system, a blanket of CO, cannot be 
maintained over the coal unless the feeders are 
sealed. 

rhe large quantities of CO. gas required to main- 
tain a blanket of gas over the coal makes this 
method too expensive. 


Looking for fresh ideas, plant personnel read articles 
and visited several plants using the bin system, only to 
that others encountering similar problems. 
visits provided some good points to consider, but 
that coal could be stored safely came 


find were 
These 
the first assurance 
from our neighbor and customer, the Ford Motor Com- 
pany. 

While conversing with several of their engineers, coal 
storage was mentioned. They informed us that during 
some equipment outages coal had been kept in bunkers 
for as long months. How? They first expelled 
the air from above the coal with COs, gas and then blanked 
In other words, if there 


as SIX 
off all sources of air is no air 
there can be no combustion. 


Test with Sources of Air Sealed Off 


Coal was pumped into the bunker up to high bin sig- 
nal to expel as much air as possible. The feeder gates 
were left open so that coal in the feeders could help seal 
the bottom of the The primary air dampers 
were left open to prevent furnace drafts from sucking air 
The coal pump supply lines 


sealed off. An 


bunkers. 


through the coal feeders 
both 


manometer 


systems were inclined 
installed to warn 
generation of CO used to drive the air 


from above the coal because it was felt that the oxygen 


and vent 


was against excessive 


gas was not 
would soon be used up by partial oxidation of the coal. 
With this set-up, coal was stored successfully for 37 
rhe test was terminated because 
Fig. 4 shows the 
daily temperatures indicated by thermocouples at repre 
From this test it appears 


days without incident 
the boiler was needed for system load. 


sentative levels in the bunker 
that 


The temperatures at various depths in the coal 


tend to equalize and approach room tempera 
ture 

Che temperature of the air above the coal follows 

ambient temperature so that this 


taken into consideration when using 


room ofr 
should be 
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Fig. 5—Variation of bunker temperature and combustible content with final 
storage system 


this indicator of bunker 
fire. 

No gas pressures built up within the bunkers. 

After 37 days the coal feeders were started without 
trouble from caking or moisture. 

The coal could have been stored much longer. 


temperature as an 


The Storage Method Finally Adopted 


Based on information from these tests, coal is currently 
being stored using the following method: 


Fill the bunker to high bin signal to expel as much 
air as possible. 

Leave the coal feeder gates open so that coal in the 
feeders will help to seal the bottom of the 
bunker. 

Leave the primary air dampers open to prevent 
furnace drafts from sucking air through the coal 
feeders. 

Blank off all coal transport and vent lines. 

Install a dial thermometer in the air space six 
inches below the top of the bunker to watch for 
temperature rises indicating fire. 

Install a pressure indicator or provide a sample 
connection to watch for possible generation of 
gas. 

Post the area against smoking and burning. 


At the present time coal is being kept in ten boiler 
bunkers without difficulty. To gain additional informa- 
tion about gas generation, daily samples are taken with 
a M.S.A. Gas Analyzer (calibrated on methane) which 
reads in per cent explosive. Fig. 5 shows the daily tem 
perature of the air above the coal and also the results 
of the M.S.A. Gas Analyzer readings on No. 13 Boiler. 
At this time it appears that gas is generated relatively 
fast when the coal is first stored, after which it levels off 
to acceptable limits. 

With this method of storing coal, the Trenton Channel 
Plant will soon be in a position to add as much as 200 
mw of generation to the system in approximately four 
hours. 

The development of this method of storing coal is an 
excellent example of a tough problem being worked out 
by research, and above all, free inter- 
change of information between companies. 


perseverance, 
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More than paid for itself in... 


20 MONTHS! 


A steel mill installed this Green Aerodyne Dust Collector to prevent coal 
dust wear on the blades of their new turbo-blower. 


This turbo-blower ran 24 hours a day, 7 days a week, for 20 months. 


Then, for the first time, it was shut down for inspection. They removed 
the top to inspect blade wear. Did the blower need a reblading job—a 
job that would cost much more than the total installation costs of the 
Green Aeradyne Dust Collector? 


No. They just re-installed the top ond ordered the turbo-blower back into 
continuous operation and ticketed the next inspection 18 months hence. 


Oh yes, when will the Aerodyne Dust Collector wear out? Nobody seems 
to know. Its life-in-use seems to be practically unlimited. 


We These Green Aerodyne Dust Collectors 
really do their jobs. Might save you a 
considerable sum, too. We'd be happy 
to show you how. 


BEACON 3, NEW YORK 
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Fig. 1—Component symbols 


With gas turbines finding ever increasing fields of 
application, the recently approved standards of the 
National Electrical Manufacturers Association should 
prove of interest to readers concerned with produc- 
tion, purchase, installation and operation of gas turbine 
power plants. This standard is published here in its 
entirety with NEMA Authorized Engineering Informa- 


tion included as noted. 


NEMA Approves New Standards for Gas 
Turbine Power Plants* 


Part 1: Definitions , Simple Cycle 


S\130-1.01 Gas TURBINI A simple cycle is a cycle in which the working medium 
passes successively through the compressor, combustor 
\ gas turbine is a rotary prime mover in which the and turbine(s). 
working medium, air or gas, is compressed, heated and ; 
expanded to produce useful power. B. Re generative Cycle 
A regenerative cycle is a cycle in which the working 
5M30-1.02 OPEN CycL! medium passes successively through the compressor, 


\n open cycle is one in which the working medium Tfegenerator, combustor, turbine(s) and regenerator 


nters the gas turbine from the atmosphere and dis SM30-1.03 SINGLE-SHAFT ARRANGEMENT 
» > . e 4 ae 4 s ” 4 


irges to the atmosphere. 
A single-shaft arrangement is one in which the rotating 
ation SM30-1959 supercedes NEMA 


Turbine Power Plants, TU 6-1953. Copies of the new Components are mechanically coupled together on a com- 
ird may b i from NEMA Headquarters, 155 East 41th Street 


ork 


mon axis 
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Fig. 2—Simple cycle—single shaft (SC-1S) 





Fig. 3—Regenerative cycle—single shaft (RC- 15S) 








S\L30-1.04 Two-sHarr ARRANGEMENT 


\ two-shaft arrangement 1s one in which the rotating 
The 
as the 


components are arranged on two separate shafts 


is connected to the load is known 


other shaft 1s known as the 


haft which 
output or power shaft; the 
compressor shaft 

[URBINE 


SM 30-1.05 BACK-PRESSURE GAS 


\ back-pressure gas turbine is one which exhausts gas 


from the turbine at pressures above | psig 


SM 30-1.06 EXTRACTION GAS TURBINI 


\n extraction gas turbine is one which has provision 
for the extraction of a portion of the compressed working 


medium 


SM 30-1.07 DIRECTION OF ROTATION 


Phe direction of rotation of a gas turbine is the clock 


wise or counter-clockwise rotation determined by looking 
it the face of the gas turbine output shaft coupling. 


SM 30-1.08 WorKING \IEDIUM PRESSURI 


rhe pressure of the working medium at any designated 


point is the total pressure (sum of static pressure and the 


pressure equivalent of the velocity energy 


SM \MlepIUuM TEMPERATURI 


Che temperature of the working medium at any desig 


30-1.09 WORKING 


nated point is the total temperature (sum of stream tem 


“CO 








Fig. 6—Simple cycle—single shaft extraction (SC-15S-E) 


perature and the temperature equivalent of the velocity 
energy 
SM _ 30-1.10 IGNITION SPEED 

Ignition speed is the speed of the compressor shaft at 
which ignition and fuel are applied. 


SM 30-1.11 SELF-SUSTAINING SPEED 
Self-sustaining speed is the minimum speed of th 
compressor shaft at which the turbine will continue to 


operate at no-load without cranking power 


SM _ 30-1.12 IDLING SPEED 


Idling speed is the specifi d operating speed of the com 


pressor shaft for no-load operation 


SM 30-1.13 RATED SPEED 

Rated speed is the speed of a designated shaft at which 
rated power is developed. 
SM30-1.14 Maximum CONTINUOUS SPEED 

Maximum continuous speed is the highest permissibl 


continuous operating speed of a designated shaft 


SM30-1.15 Trip SPEED 

The trip speed is the speed at which the overspeed pro 
tective device operates. 
SM30-1.16 CRANKING POWER 


Cranking power is the external power which is required 








Fig. 7—Simple cycle—two shafi—extraction (SC-2S-E) 
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Fig. 4—Simple cycle—two shaft (SC-2S) 





Fig. 5—Regenerative cycle—itwo shaft (RC-2S) 











to accelerate the compressor, its turbine and any con- 
nected load to self-sustaining speed in a specified time. 


SM 30-1.17 RATED POWER 


1. Normal Rated Power 


Normal rated power is the stated power of the gas 
turbine when it is operated under the conditions specified 
in SM 30-3.02. It is measured at or is referred to the 
output shaft of the gas turbine or to the generator termi 


nals. 
B. Site Rated Powe 


Site rated power is the stated power of the gas turbine 
when it is operated under specified conditions of com 
pressor inlet temperatures, compressor inlet pressure and 
gas turbine exhaust pressure. It is measured at or is 
referred to the output shaft of the gas turbine or to the 


generator terminals 


SM30-1.1S Maximum POWER (CAPABILITY 


Maximum sometimes called maximum 
bility, is the maximum power output which is developed 
power plant is operating under 


It is measured at or is referred to 


power, capa 


when the gas turbine 
specified conditions 
the output shaft of the gas turbine or to the generator 
terminals 


SM 30-1.19 Heat Rati 


Heat rate is the unit heat consumption of the gas 


turbine. It is expressed in Btu/hp-hr or Btu/kw-hr 
based on the higher heating value of the fuel. 


SM30-1.20 THERMAL EFFICIENCY 

Thermal efficiency of a gas turbine power plant is the 
ratio of the heat equivalent of the power to the heat sup- 
plied by a particular fuel. It is expressed in per cent 
based on the higher heating value of the fuel. 


SM30-1.21 HEAT CONSUMPTION 


Heat consumption is the quantity of heat used per unit 
of time under specified conditions. It is expressed in 


Btu hr based on the higher heating value of the fuel. 


SM30-1.22 Speciric FUEL CONSUMPTION 


Specific fuel consumption is the quantity of a stated 
fuel used per unit of time under specified conditions. It 
is expressed in lb/hp-hr or Ib /kw-hr for liquid fuel oper 
ation or in standard cubic feet (sef)/hp-hr or sef/kw-hr 
for gaseous fuel operation. 


SM20-1.23 PROTECTIVE DEVICE 


A protective device is one which, alone or as part of a 
system, controls or signals in some predetermined manner 
abnormal conditions which may occur during the opera 
tion of the unit or system to which it is connected. 


SM30-1.24 CONTROLLING DEVICE 


A controlling device is one which automatically initi 
ates action of a system which controls conditions during 








Fig. 8 Regenerative cycle—single shaft—extraction (RC-1S-E) 


Fig. 9—Regenerative cycle—iwo shaft—extraciion (RC-25-E) 
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Fig. 10—Simple cycle—single shafi—back pressure (SC-1S-B) 


the normal operation of the gas turbine. 


S\I30-1.25 WARNING DEvVICcI 


which by visible or audible 


that an abnormal operating 


\ warning ce vice 18 one 


means, or both, indicates 


condition exists 
DESIGNATIONS 


SAI3O 


The 


1.26 Cyc 


various cycles are designated as follows 


SC-.1S 
RC-1S 
SC s 


ple cyel 
Rengenerative 
Simple evel 

2S 
SC-15-1 
he 6 


Regenerative « 
Sunple cycle xtracti 
ift extraction 
shaft 
Regenerative cycl tw halt 
simple evele haft —back pressure : 

ple cycle tw ift back pressure 25-B 


Simple cyck 


Regenerative ingle extraction 
extraction 28-1 


Part 2: Nomenclature 


S\IS30-2.01 TURBINE 


\ turbine is a mechanical component in which the 


thermal energy of a working medium is converted to 


mechanical energy by kinetic action on a rotary element 


SA\I30-2.02 COMPRESSOR TURBINI 


\ compressor turbine is a mechanical component in 
thermal energy of the working 
and utilized 


which a portion of the 


medium is converted to mechanical energy 


to drive the compressor 


S\LI30-2.083 Power TuRBINI 


\ power turbine is a mechanical component in which 


1 portion of the thermal energy of the working medium 
is converted to mechanical energy and utilized to drive 


the connected load 


SM30-2.04 COMPRESSOR 


A compressor is the mechanical component in which 


the pressure of the working medium ts increased. 


S\LI30-2.05 COMBUSTOR 


mechanical component of the 


\ combustor is that 
combustion system in which fuel is burned to increase the 


temperature of the working medium 


SM30-2.06 TurRBINE BLADES (BUCKETS 


Che turbine blades are curved vane elements mounted 
on a rotating wheel and proportioned to transfer energy 
from the working medium to the turbine rotor. 
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Fig. 11—Simple cycle—two shafi—back pressure (SC-2S-B) 


SM30-2.07 COMPRESSOR DIAPHRAGM 


\ compressor diaphragm is a stationary element con 
taining a set of stator blades used to compress the work 
ing medium and direct it against the rotating blades. 


SM30-2.08 TuRBINE DIAPHRAGM 


\ turbine diaphragm is a stationary element contain 
ing a set of nozzles used to expand the working medium 
ind direct it against the rotating blades (buckets 


SM30-2.09 INTERSTAGE SEALS 


Interstage seals are used to restrict the leakage of the 


working medium between stages 


S\M30-2.10 BEARING HOUSING 


A bearing housing is an enclosure used to contain and 
support the shaft bearings and may be of the bracket or 
pedestal type 


SM30-2.11 SHAFT BEARINGS 


Shaft bearings are used to support the rotating ele 


ment(s 


SM30-2.12 THurust BEARING 


\ thrust bearing transmits the axial thrust of the rotor 
to the bearing housing and maintains the axial position 


of the rotor. 


SM30-2.13 TURBINE STAGI 

A turbine stage consists of a set of stationary nozzles 
and one row of moving blades which are mounted on one 
wheel. The working medium expands through the sta 
tionary nozzles to a lower pressure, thus releasing kinetic 


energy which is absorbed by the moving blades 


SM30-2.14 RotoR ASSEMBL\ 


rotating element of the gas 
and 


assembly is the 
It includes all parts attached to the shaft 


\ rotor 
turbine 
has provision for coupling 


SM30-2.15 WHEELS (DIsks 


Wheels are disks which are part of or fixed to the 


turbine shaft and on which the blades are mounted. 


SM230-2.16 Suroup (SHROUD BAND 
\ shroud is a strip attached to or adjacent to 
blade tips to limit leakage 


5M350-2.17 SPEED GOVERNOR 
A speed governor includes only those elements which 


are directly responsive to speed and which position or 
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influence the action of other elements of the gas turbine 
governing system 


5M30-2.18 SPEED CONTROL MECHANISM 


lhe speed control mechanism includes the speed gover 
nor, fuel control mechanism and all equipment necessary 
for their proper inte rconnection. 


5M30-2.19 FueL Controt MECHANISM 


A fuel control mechanism controls the flow of fuel to 
the gas turbine 


5M30-2.20 SPEED CHANGER 


A speed changer is used to change the setting of the 
speed governing system for the purpose of adjusting the 
speed and /or load of the gas turbine. 


S\M30-2.21 EXTERNAL CONTROL DEVICE 


An external control device is an element which is re 
sponsive to signals which are external to the turbine. It 
may be pneumatically, hydraulically or electrically 
actuated from the signal source and acts to control the 
energy input to the gas turbine 


SM30-2.22 CONTROL PANEI 


\ control panel is a component on which are mounted 
the devices used to initiate, regulate and monitor the 
necessary functions for safe operation of the gas turbine. 


SM30-2.23 INLET 


SILENCER 


An inlet silencer attenuates the sound level 


transmitted through the working medium at the inlet of 


power 


the compressor 
5M30-2.24 Exnaust SILENCER 


An exhaust silencer attenuates the sound power level 
transmitted through the working medium leaving the gas 
turbine 
SAVI30 


2.25 REGENERATOR 


A regenerator recovers and transfers heat from the 
working medium leaving the gas turbine to the working 


medium entering the combustor. 


S\M30-2.26 MAIN GEAR 


\ main gear converts the speed of the turbine output 
shaft to the the 
ipparatus 


required operating speed of driven 


SM30-2.27 AUXILIARY GEAR 


\n auxiliary gear converts the gas turbine speed to the 
speed required by the auxiliary equipment 


} 


SM30-2.28 SOLEPLATES 


Soleplates are individually grouted-in plates for mount 


g of the support points on the gas turbine. 


\130-2.29 BASEPLATI 


\ baseplate is a structural metal frame for supporting 
e gas turbine 

130-2.30 OUTPUT COUPLING 

\n output coupling is a device for connecting the gas 


rbine output shaft to the driven equipment. 


[30-2.31 Exuaust HEAT BOILER 
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An exhaust heat boiler recovers and transfers heat 
from the working medium leaving the gas turbine to 


generate steam or hot water. 
SM30-2.32 TURNING GEAR 
A turning gear rotates the turbine rotor at low speed 


prior to starting and immediately after shutdown to 
insure uniform temperature distribution in the rotor. 


SM30-2.33 JOGGING ASSEMBLY 

A jogging assembly is a device which can be used to 
rotate the shaft in small increments for inspection and 
maintenance or for reducing the starting torque required 
of the starting assembly. 
SM30-2.34 TURBINE TEMPERATURE DETECTOR 


A turbine temperature detector is that component of 
the control system which senses gas temperature and pro 
vides the signal to limit fuel input to the turbine when 
maximum temperature is reached. 


5M30-2.35 EXPANSION JOINTS 


An expansion joint permits the movement of piping 
and or ducting necessary to prevent deleterious forces 
from being applied to connected components. 


Part 3: Rating and Performance 


S\30-3.01 Scopr 


The standards in Part 3 relative to performance and 
ratings are applicable to gas turbines in new and clean 


condition. 
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SM30-3.02 NORMAL OPERATING CONDITIONS 


The following shall be considered normal operating 
conditions for the determination of ratings and perform 
ance. The inlet measured at the 
compressor inlet flange, and the exhaust conditions shall 
be measured at the turbine exhaust flange with simple 
cycle operation and at the regenerator exhaust flange 


conditions shall be 


with regenerative cycle operation 


Inlet temperature-—SO F 
Inlet pressure —14.17 psia 
Exhaust pressure—14.17 psia 


SM30-3.03 OPERATION ABOVE NORMAL RATED POWER 


A gas turbine shall be capable of operating at at least 
25 per cent above normal rated power when the compres 
sor inlet temperature is 25 deg F or below and with the 
inlet and exhaust pressures at 14.17 psia. 


SM30-3.04 OTHER THAN NORMAL OPERATING CONDI 


TIONS 


|. For ratings and performance other than those 
under normal operating conditions, the manufacturer 
should be consulted. 

B. For the determination of approximate ratings at 
other than normal operating conditions, the following 
information may be used. 


1. Altitude and Inlet Pressure— The approximate out 
put power correction factor for altitude and inlet pressure 
drop is shown in Fig. 12 

2. Exhaust Pressure Drop--The approximate output 
power correction factor for exhaust pressure drop is 
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hown in Fig. 13 at the top of the next column 
rypical example of how to use the curves given in Fig 
2 and 13, assuming the following operating conditions 


\ltitude 5000 ft 
Compressor inlet temperature S80 F 
Inlet pressure drop-—4 in. of water 


Exhaust pressure drop —S in. of water 


rhe output correction factor for the inlet conditions 
would be 0.84 (see Fig. 12) 

The output power correction [actor tor exhaust condi 
tions would be 0.97 (see Fig. 15 

rherefore, the total output power correction factor 
product of the inlet condition and _ the 


0.97, or O.S15, as the final 


would be the 
exhaust condition or 0.84 > 
power correction lactor 

In addition to the above corrections to output power 
for altitude, inlet pressure and exhaust pressure, it is also 
necessary to apply a correction factor for ambient tem 
in order to determine the 


will 


perature in the same manner 


final site rating This correction factor vary in 


with the 
However, the following can be used for approxi 


iccordance verodynamic design of each gas 
turbine 
mations 
3. Inlet Temperature Change For each 10 deg F re 
duction in compressor inlet temperature below SO F, there 
is an increase in output in the order of 5 to 7 per cent of 
normal rated output. For 10 deg F 


compressor inlet temperature above SO F, there is a ce 


each mcrease 1 


crease in output in the order of 5 to 7 per cent of normal 
rated output 














Fig. 12—Approximate output power correction factor for barometric 
pressure and inlet pressure drops 
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Fig. 13—Approximate output power correction factor for exhaust pressure 
drops 


Che maximum output is determined by the mechanical 
capability of the gas turbine. See 530-3.03 
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SM30-3.05 TypicAL PRESSURE DROPS 


Che typical pressure drops normally encountered 1n 


ras turbine installations are 


ypical Pressure 
Drop, 
In. of Water 


Inlet duct 
Exhaust duct 
Inlet silencer 
Exhaust silencer 
Inlet filter 

Inlet air washer 


Exhaust heat reco, 


SA\I30-3.06 OPERATING DATA AT NORMAL OPERATING 


CONDITIONS 


rhe following information is considered necessary for 


the proper application of the gas turbine and should be 


obtained from the manufacturer 


Rated power in horsepower or kilowatts 
Rated speed(s) in rpm 

Specific fuel consumption, thermal efficiency or 
total heat consumption, based on higher heating 
value of fuel 

Exhaust temperature in degrees Farenheit 

\ir flow in pounds per second 


SM30-3.07 VARIATIONS IN PERFORMANCI 


The performance of a gas turbine is affected the 


following 


Output requirements 

Speed(s 

Compressor inlet temperature 
Compressor inlet flange pressure 
exhaust back pressure 

Exhaust temperature 

Variation in fuel properties 

ly pe of fuel 
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The manufacturer should be consulted for the effects 
of the above on gas turbine performance. 
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SM30-3.08 THERMAL EFFICIENCY, SPECIFIC FUEL CON 
SUMPTION AND HEAT CONSUMPTION 
Thermal efficiency, specific fuel consumption and heat 
consumption shall be based on the higher heat value of 
the fuel. Heat values and the fuels associated with those 
heat values shall be as follows 


Lower 
Heat 
Value 


Higher 
Heat 


Fue Value 


17,400 Btu/Ib l 
18,200 Btu/Ib l 
900 Btu/scf ». a 


Residual oil 500 Btu/lb 
Distillate oil 19,300 Btu/Ib 
Natural gas* 1,000 Btu/sef 


* For natural ga cubic feet (sef) shall be measured at 14.7 


psia and 60 | 


SM30-3.09 HIGHER AND LOWER HEATING VALUES 


The higher heating value of the fuel is the total heat 
released per unit of fuel burned. Some of this total heat 
results from the combustion of hydrogen, whose product 
is water which immediately becomes steam at the com 
bustion temperatures. The heat of vaporization of the 
water is lost to any ordinary thermodynamic process 
since it is exhausted with the water vapor. Every fuel 
containing hydrogen, therefore, has a lower heating value 
which is obtained by deducting from the higher heating 
value the heat of vaporization of the water formed during 
combustion 

rhe heat rate based on a lower heating value will be 
the same for all fuels burned (except for differences in 
power requirements of shaft-driven accessories), regard 
less of hydrogen content. A heat rate based on higher 
heating value will vary depending upon the particular 
fuel involved 
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SM30-3.10 NAMEPLATES 


Phe power plant nameplate shall include the following 
information 


Manufacturer's name and or trade-mark. 
ype of equipment 

Serial number 

Rating in horsepower or kilowatts. 

Rated speed in rpm 

Rated inlet conditions in degrees F and psia 
Maximum operating temperature in degrees F 
Instruction book number 


SM30-3.11 Fre_p TEs1 


that field tests be conducted in 
cable ASME Power Test Code 
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It 1s recommended 


accordance with the apph 
N 


S\M30-3.12 INLET CLEANING OF GAS TURBINI 


COMPRESSORS 


Occasions may arise when deposits form on the sta 
tionary and rotating blades of a gas turbine compressor. 
Che indication of a build-up on the compressor blading 
is a reduction in load carrying with a corresponding 
lowering of the compressor discharge pressure for a given 


speed and compressor inlet air temperature. 
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When it has been determined that deposits have formed 
on internal parts of the gas turbine compressor, the unit 
should be cleaned using the method recommended by the 
manufacturer to improve its load carrying ability. 
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Part 4: Accessories 


5M30-4.01 ACCESSORIES 

A gas turbine shall include the accessories described in 
this part of the publication. These are 
deemed necessary for the proper functioning and safety 
of operation of gas turbines within the scope of this pub 


accessories 


lication. 
SM30-4.02 STARTING EQUIPMENT 


The starting system shall be capable of bringing the gas 
turbine up through the normal starting cycle to self 
sustaining speed. 


NEMA Standard 3-11-1959 


The power to bring the gas turbine up through the 
normal starting cycle to self-sustaining speed may be 
supplied by a steam turbine, expansion turbine, electric 
motor, reciprocating other For 
mechanical-drive applications, the usual practice is to 
use a steam turbine, expansion turbine or reciprocating 
engine. the usual 
practice is to use an electric motor or reciprocating engine. 

In single-shaft gas turbine applications, the driven 
load starting requirements must be considered to select 


engine or means. 


For generator-drive applications, 


the proper starting equipment. 
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SM30-4.03 SPECIAL-PURPOSE TOOLS 


The turbine shall be 
special-purpose tools for installation and normal main 


equipped with necessary 


gas 
tenance. 


SM30-4.04 LirtTinG ATTACHMENTS 


The gas turbine shall be equipped with attachments 
necessary to lift the upper-half gas turbine casing 


SM30-4.05 FuEL CONTROL SYSTEM 


The gas turbine shall be provided with a fuel control 
system capable of controlling the flow of fuel to the com 
bustor(s) under steady-state and transient conditions 
and providing positive shutoff under emergency condi 
tions. 

11-1959 


NEMA Standard 


information on the basic characteristics of the 
system, 1.€., minimum and maximum fuel supply pres 


sure, fuel supply temperature limits, heating value vari 


For 
ations, etc., the manufacturer should be consulted 
Authorized Engineering Information 
SM 30-4.06 IGNITION SYSTEM 


The gas turbine shall be equipped with an ignition 
system capable of initiating combustion in the combus 
tor(s) during starting 


SM30-4.07 LUBRICATING SYSTEM 
The gas turbine shall be equipped with a completely 
closed, forced-feed lubricating system including 
1. Oil reservoir and oil piping for the complete gas 
turbine unit 





Main lube oil pump 

Emergency lube oil pump(s 

Means for testing emergency lube oil pump oper 
ations 
Single 


water 


lube oil cooler lor Q | or lower cooling 


Reservoir oil level indicator 

Pemperature measuring device in oil feed header 
Means for 
lube oil pump 


" Onl feed he 


iutomatically activating emergency 


ider pressure gauge 


SM30-4.0S GOVERNING SYSTEM 


Phe gas turbine shall be equipped with a governing 


system including 


load shaft with load setting 


operation at the 


l Speed governor on 


device for manual machine 
and ‘or the control panel 

Overriding maximum turbine temperature control 
Emergency overspeed governor on load shaft (also 


compressor shaft on two-shaft machines 


INSTRUMENTATION 


Supervisory shall be 
adequately checking and monitoring the performance of 
his shall consist of 


SM30-4.09 SUPERVISORY 


mstrumentation provided for 


the machine 


| Master control switch for starting semiauto 


matically, 
have to be 


\uxiliary 
and 


stopping the gas turbine 


pumps started and alternating 


direct-current circuit breakers have to be closed 


machines with a turning gear, 


individually; on 


ir has to be engaged manually at the 


the turning ge 
machine 
\leans 
changers 
Relays to provide the necessary functions for the 


ontrolling power-operated speed 


control and protective operation of the gas turbine 
starting 
Pemperature 
Plus combustion inlet 


ind sequence indicating lights 


indicator for indicating turbine 


exhaust air temperatures 


if regenerative cycle 


Speed indicator for output shaft (and compressor 


shaft for two shaft machines 


Loss of flame indication 


Annuneciator with audible alarm and individual 


malfunction indicators for overspeed flameout, 
low tube 
and high turbine temperature 


gages for measuring lube oil header pres 


pressure, high bearing oil temperature 


Pressure 

sure, fuel pressure, control oil pressure and control 
air pressure 

SM30-4.10 REGENERATORS 

regenerative-open-cycle gas 

installation It 

the exhaust 


Che regenerator for the 
shall be suitable for 
mounting 


outdoor 
mounting 


turbine 
shall 
stack 

Air and hot gas interconnecting ducts and piping, with 


have a ring for 


necessary expansion jomts, are required between the 


compressor and regenerator and the regenerator and 


turbine 


These items shall be |! t I ntrol panel Ihe other items may or 


may not be lo« 


56 


SM30-4.11 TERMINAL BOXES AND WIRING 


The gas turbine shall be equipped with terminal boxes, 
mounted on the base on base-mounted gas turbine or for 
mounting at the gas turbine for non-base-mounted ma 
between boxes and 


chine, with interconnecting wiring 


devices, other than auxiliary motors, mounted on the gas 
turbine 

The entire installation shall comply with the National 
Electrical Code 

Rigid metal conduit shall be 
the 


necessary 


the wiring method used 


except right at device on the gas turbine where 


flexibility may be 


SM30-4.12 TEMPERATURE CONTROL SYSTEM 


lhe gas turbine shall be equipped with a temperature 


control system which, under any normal condition of 


necessary to prevent 


operation, can limit fuel input as 
the temperatures in the turbine from exceeding allowable 


limits 


Part 5: Preparation for Shipment and Installation 


5M30-5.01 INTRODUCTION 

Che information contained in this part is provided to 

the proper 
There are 
furnished, 
therefore, 


the purchaser or his contractor 11 
turbines 
equipment 


assist 
handling and installation of 
involved in_ the 


gas 
many variables 
method of shipment and type of installation 
it is not feasible to detail step by-step procedures 

many general conditions and procedures 
which require 
difficulties and 


There are 
common to practically all 
careful attention in order to 
obtain the most satisfactory installation and operation 
rhese general procedures have been developed through 


installations 
minimize 


many years of experience in handling and installing gas 
turbines and observing their operation 

rhis information serves to point up normal field work 
requisite to the installation of gas turbines and associated 


ipparatus 


SM30-5.02 SHIPPING PREPARATION 


Che gas turbine and all separate parts shall be properly 
tagged and identified 

\t the time of shipment, the turbine shall be protected 
by painting all exposed non-machined surfaces with one 
coat of shop paint and covering all exposed machined 
a suitable rust \ll openings 


surfaces with preventive 


shall be suitably plugged or covered 
NEMA Standard 159 
By fulfilling the above preparations, it 1s assumed that 
the storage will be so arranged that the equipment will 
be protected against loss, corrosion, weather damage and 


distortion 


Authorized Engineering 


5M30-5.03 RECEIPT AND STORAGE OF EQUIPMENT 


Upon receipt, the purchaser should check all equip 
ment for damage which may have occurred in transit 
Damages or shortages should be reported 

\ll materials should be checked against the packing 
list and any discrepancies reported immediately. Boxed 
materials should be replaced in their original containers 
or properly identified as to their stored location 


October 1959—-C OMBUSTION 





ll materials should be stored so that they will be pro- 
weather damage, corrosion and 
ige from falling objects and foreign materials, such 
Indoor storage, where constant tem- 


against loss, 
is dust, sand, ete 
perature is maintained, is preferred. 

Special attention and care should be given to the stor- 

ge ol parts having exposed machined surfaces. 

If installation is delayed, provislon should be made to 
maintain the temperature of the storage areas at a level 
which will prevent condensation. 

Parts and assemblies should at all times be stored in a 
clean, non-corrosive atmosphere. 
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530-5.04 INSTALLATION 

Proper installation is necessary for satisfactory opera 
It is to the user's advantage to observe certain con 
siderations in regard to foundation, piping and alignment 
so that the turbine may give maximum service with a 


tion 


nmunimum of wear and maintenance. 


{ 


Founda (ion 


Foundations should be sufficiently heavy and rigid to 
withstand the static and dynamic loads. To obtain this, 
all conditions surrounding the foundations should be 
uniform as far It is recommended that the 
foundation rest entirely on solid rock or firm soil but, if 
supported by pipe and piling, there should be a heavy 
continuous cap over the piling on which the foundation 
rests. A foundation supported on a non-continuous cap 
may warp due to settling of part of the foundation or to 


iS possible. 


unequal pressures resulting from differences of ground 
water levels. The temperature surrounding the founda 
tion should be uniform to avoid unequal temperature dis 
tortions 
T . , : ¢ : ‘ - 
It is recommended that the foundation design be re 
viewed by the gas turbine manufacturers. 


B. Inlet and Exhaust Ducting 


turbine inlet and exhaust ducting should be as 
short and as direct as possible and so arranged that no 


undue strain is imposed on the unit due to thermal ex 


(sas 


pansion or the weight of the ducting 


Z. Coupling gnment 


The alignment of the couplings must be correct for 
successful operation. Allowance must be made for the 
difference in temperature between the inlet and exhaust 
ends of the turbine, and the final coupling alignment 
check should be made with the unit at operating temper 
iture 
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Part 6: Weather Protection of Gas Turbines 
SM30-6.01 WEATHER PROTECTION OF GAS TURBINES 


The following covers gas turbines which are custom- 
arily installed in enclosed areas where normal precautions 
are taken to protect the units. Unusual service condi- 
tions, which should be described and specified by the 
purchaser, require precautions. Among such unusual 
service conditions are: 


Exposure to the natural elements. 
Exposure to special atmospheric conditions which 
may include: 
a. Damaging fumes or vapors. 
b. Excessive abrasive, magnetic or metallic 
dust. 


The effects of the foregoing unusual service conditions 
may be mitigated to the extent that gas turbines for usual 
service conditions may provide satisfactory service by 
the use of one or more of the following measures: 


For Condition 1 


General All exposed machined surfaces should be 
protected against rusting by a protective coating or the 
use of a suitable paint. Working parts which affect the 
operation of the unit, such as governor, governor linkage, 
fulerum points, valve stems and similar elements should 
be protected against rusting by the use of rust-resistant 
materials, 

A. The lubrication system and or the governing 
system should be protected against the entrance of water 
or foreign material by proper sealing devices. The points 
to be protected include all connections or openings to the 
oil reservoir, governor, servo-motor, bearing housings 
and similar elements. The reservoir should be provided 
with connections to facilitate water removal. 

B. For use during down times, suitable drains should 
be provided for all oil and water lines and turbine loca 
tions where water can collect. These locations include 
the oil and water side of the lube oil cooler and similar 
points. 

C. Provision for heating the oil in the reservoir should 
be made to permit circulation of the oil at start-up. An 
enclosure or hood with venting should be provided to 
cover the governing system and heating should be sup 
plied to prevent icing. The amount and type of enclosure 
and heating will be governed by local conditions 
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Urges Continuation of Cloud Seeding Tests 


It is important for scientists and interested lay people 
to realize that ‘““‘we may be looking for a very precious 
needle in a very large haystack’’ in experiments with 
cloud seeding to provide additional rainfall in needed 
of Chicago meteorologist declared 
Society of Civil Engineers Annual 


niversity 


\met 


areas i I 
it. the 
\eeting 


Dr. Roscoe R 


recent 
Braham, Jr., spoke on the subject of 
yhysical evaluation of cloud seeding effects at a session of 
he Conference on Weather Modification by Artificial 
Meteorological studies, he stated, have long 


T 
I 
t 
t 


\leans 
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been hampered by a number of difficulties which were 
comparable to difficulties in human genetics within the 
physical and biological sciences. These difficulties are 

l Inability to duplicate 
within the laboratory 

2. Inability to completely specify the initial and final 
conditions of any particular study or experiment 

5 Lack of control of initial conditions 

t. Great variability of natural atmospheric conditions 

5. Inadequacy of the tools with which to attack prob 


atmospheric conditions 


lems of the atmosphere 
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Three-inch wall main steam piping. Boiler will operate 
at 2400 pounds per square inch and 1050° Fahrenheit. 


Race track for 227,000 horses 


At Ohio Edison’s new Stratton power station, auxiliary systems. This is the first of four 170,000 


high pressure, high temperature steam races kw units to be installed at the Stratton station; 

through this heavy wall piping at 125 miles per Dravo will fabricate piping for all four. 

hour, creating more than 227,000 horsepower Inquiries are invited on this or any of the 

in the turbine. engineered products and services listed below. 
In addition to main steam and boiler feed lines Write DRAVO CORPORATION, PITTSBURGH 

the project included instrument piping and all 25, PENNSYLVANIA. ! 


rj ot i EE. a « < > 4 d A A ~ Ut 
> — . " oo = a 5 as i 
- hig: ~S 1M) $000. wea mh ee 4 = ~>t—++4255 ¢c Oo RP ORATION 


slopes, shafts, tunnels - gas & oil pumping stations - ore & coal bridges - pumphouse k 
= ° ‘ ; is Ke _— scenes - mill lubrication systems - foundations - grating 


marine repairs - gantry and floating cranes 

mechanical construction - process equipment 

corre ACTER” locks & dams - vibrating screens & conveyors 

- river sand & gravel - sintering plants ready-mixed concrete + dredging - pile driving 
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By IGOR J. KARASSIK* 


and JOSEPH J.BIESE** 


Worthington Corp. 


The boiler feed pump and its associated equipment 
represent a major operating and maintenance con- 
sideration in today’s power plant. Here we run in 
question and answer form a series of clinic sessions 
on various boiler feed pump problems. The replies 
are the work of one of the topmost pump authorities 
and give specific information which we hope will 


prove valuable to our readers. 


Steam Power Plant Clinic—Part XIl 


(QUESTION 


I would like to have you comment on the merits of in 
stalling condenser circulating pumps of the vertical type 
driven through variable speed magnetic drives in order to 
improve part load performance and to provide for winter and 
summer operation at the most favorable circulating flows. 
In our location, we encounter water temperatures as low as 
50 F in winter and up to 80 F in the summer. 
practice 


(wo pumps 


Our present 
is to operate one circulating pump in winter and 
in parallel in the summer. TI believe that more 
efhicient opération can be obtained by means of variable speed 


pumps. 


\NSWER 

This is a rather broad question and it is difficult to 
come up with specific recommendations without a de 
tailed knowledge of the system, type and size of conden 
ser and design data on the main unit. You may carry 
out actual evaluation calculations if you have this in 
formation, but we believe that the probability of justify 
ing variable speed drive for circulating pumps is dim. 

It is quite true that operation at variable speed would 
result in power savings whenever the main unit is oper 
ating at part load. It is equally true that a case can be 
made in favor of variable speed operation to take care of 
the variation in flow between summer and winter condi 
tions. On the other hand, it should be considered that 
usually condenser circulating service is relatively low 


head service, with the result that the ratio of power or 


OUESTION 


1 on a river which 1s frequently littered 
This up the 


kach of our two condensers 


Our plant ts locate 


with rubbish and debr continually clog 


tube sheets Oo! our condense? 


have divided water boxes and once a week we clean one halt 


of the condenser, leaving the unit in operation at part load 


served by the other half of the condenser We run one of the 


hal} ca pac ily circulating pumps during this pe riod Me 


*Consulting Engineer lanager of Planning, Harrison D 


** Manager, Condenser n, Steam Power Dept 
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operating cost to first cost islow. This is the reason why 
it is not the normal practice to use variable speed drive 
for circulating pumps either with magnetic drives, as 
you mention, or with two-speed motors which could be 
applied to take care of the winter-and-summer situation. 
The initial cost of the added equipment cannot be eval 
uated from the power savings that would be obtained 

It must be pointed out that constant speed operation 
with two pumps serving the condenser is not as inefficient 
as you may think. For instance, in the northern part of 
the United States, the desired capacity with one pump in 
service (in winter) 1s roughly that with two pumps in 
service (in summer). Thus, when a single pump is 
operating, it handles about 133°, of the capacity that it 
delivers when operated in parallel with the second pump 
These two operating points generally fall within a very 
favorable pump efficiency range. 

It should also be noted that with two pumps in opera 
tion during winter, there would be a definite increase in 
the vacuum obtained at the turbine exhaust. If the 
turbine and the condenser are properly selected to take 
full advantage of this higher vacuum, the main unit can 
be operated at better economy or at higher loads or a 
combination of both. 

In order to utilize this one and two-pump operation 
arrangement, a partition valve can be put in the inlet 
water box division plate. In this manner, one pump 
can be utilized to provide circulating water to both sides 
of the condenser 


feel that we should be able to carry at least half-load on the 
turbine, but the vacuum produced by the condenser falls off 
so far that we cannot even carry ‘/, load under these condi 
tions. This presents a serious problem with our overloaded 
system. Can you give me any idea why the vacuum falls off 


o rapidly? 
ANSWER 


Our immediate thought would be that the other half 
of the tube sheet is so fouled up that you are not getting 
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Evector 
INTER @ AFTER 
NOENSERS 


Fig. 1.—Typical air suction arrangement for a divided water box 
condenser 


cnough cooling water \ build-up of debris would 1m 
friction losses 
ind the 


a reduced « ipacily 


crease the ind the intersection of the pump 
would 


flow 


system-head 


This 


head-capacity curve curve 


take 


cannot maintain the expected vacuum 


place at reduced 


\nother possibility could be the arrangement of the 


ur suction piping Chere is an air cooling section in each 


(OURSTION 


We have ad 2OOO0 bu turh ne-generator 


recenuly installed 


erved by a 20,000 sq. ft. two-pass condenser with two fu 


capacity two-stage hor condensate One ofl 


the v¢ 


isonta pumps 


two pump intended to act as the standby pump 
The pumps are installed with the recommended short run of} 
uction pipe and have the nece 


llowever 


and are quite noisy in operation We 


sary 3 feet of submergence at 
normal water leve 
rated capacity 


to run both 


the pumps will not come up 


fo ful 


have pumps to carry full load on the unit WV 


have dismantled both and can find no mechanica 


lithculties 


bump 
nor any foreign matter which could have reduced 


bump capacity in thin the impeller Could you 


vive u on dea a fo the po brobl mm 


\NSWER 


We assume from the wording of your question that the 
problem is not one of design or mechanical difficulties 
similar 
that the in 
nunimum submergence 


often the 
but 


Insutlhicient submergence 1s cause ol 


condensate pump problems you state 


stallation provides the recom 
the 


nated the two most apparent causes, you might wish to in 


mended by manufacturer Since you have elimi 
vestigate another factor which is also a frequent cause of 
condensate pump malfunctioning 

a condensate 


Because pump operates with extremely 


low absolute pressure at the suction and with, usually 
the bare minimum required submergence, vapor is readily 
released at the eye of the suction of the first stage im 
peller. This vapor occupies a much larger volume than 
the equivalent weight of water and takes up space which 
legally’’ belongs to the water Unless this vapor can be 
removed before it enters the impeller, it will result in 

rough pump operation ind a reduction in capacity 
It 1s for this reason that a pump designed for conden 


sate service is always provided with a pipe-tap opening in 


60 


half of a divided circulation condenser, with an air suction 
connection from each of the coolers. Normally, a sepa- 
rate suction pipe leads from each of the air suction con- 
nections to a common header which in turn leads to the 
air removalequipment. Each of these pipes must have a 
valve located head of the common header, so that the air 
cooling section in the idle half of the condenser can be 
isolated during cleaning (See Fig. 1). If the section now 
being supplied with cooling water is not isolated, steam 
will be pulled into the suction line and overload the air 
removal equipment. The latter will then no longer be 
capable of removing all the air and other non-condensa- 
bles from the condenser, with the result that pressure 
will build up in the condenser. This could well be the 
reason you have trouble maintaining vacuum when clean 
ing one half of the condenser. 

We suggest that you check the piping and if the isolat- 
ing valves are not provided, that you install them in each 
A typical ar- 
rangement is shown on the adjacent sketch. Make sure 
that the valve in the line from the idle half is closed 
during cleaning and, of course, reopened when that half 


of the lines ahead of the common header. 


goes back 1n service 


a large vent area in the casing in the first stage suction. 
This permits the release and venting of vapor coming 
from and with the condensate being pumped. The vapor 
is piped from this connection in the pump casing to the 
main condenser. (See Fig. 1.) 

We suggest that you check whether your pumps are 
vented, for if they are not, this is probably your trouble. 
Che vent line should slope continually upward from the 
pump and enter the condenser either in the shell itself or 
in the hotwell, as long as the connection is made above 
the maximum water level. The line should be 
ample to carry whatever amount of vapor may be forming 
ind accumulating in the suction area of the casing. 

Chere are two additional items to be checked. Inde 
pendent seals should be provided at the suction stuffing 


vent 


boxes and injection maintained to these seals whether the 
air can leak into the 
stuffing of an idle pump and disrupt the operation of the 
The second item concerns the 
You state 


pump is running or not. Too often 
pump which is running 
size and configuration of the suction pipe 
that the installation has the recommended short run of 
suction pipe. But is this piping of adequate size, with 
extremely low velocity, and is it so installed that there is 
no possibility of a pocket forming to fill up with vapor? 
[hese two items bear looking into very carefully. 


Editor’s Note: 
The September 1959 COMBUSTION presentation 


of the Steam Power Plant Ctinic—Part XI should have 
carried the name of its co-author, Mr. Joseph J. Biese, 
Manager, Condenser Section, Steam Power Dept., 
Worthington Corp. We regret our failure to properly 
credit both authors and call the readers’ attention to 
the fact that Mr. Biese is coauthor of this month’s article. 
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THESE NEW IDEAS 
HAVE COME FROM 


DESIGNERS 
AND 
BUKDERS 


MODERN 
EQUIPMENT 
FOR 


Illinois Water Treatment Co. was incor- 
porated over 20 years ago to use the 
newly-discovered resins in the develop- 
ment of ionXchangers 


1942 By this time, IWT had already 
built more than 50 successful multi-bed ion- 
Xchangers (some of which are still in use 
today). 


1943 IWT brought “automation” to 
ionXchange with the introduction of auto- 
matic ionXchangers, some of which were very 
large. (Some of these are still operating to- 
day, also. 


1947 This was the year when IWT 
brought out the first large (400 gpm) ion- 
Xchanger for silica removal 


1949 IWT built the first commercial 
Mixed Bed ionXchanger 
U.S. Patents 2605084 2771424) 


1954 A huge 5,000 gpm fully-automatic 
mixed-bed ionXchanger was designed and 
built by IWT to remove silica from make-up 
water for high-pressure boilers. This plant 
has now de-ionized over SIXTY BILLION 


pounds of water. 


1957 IWT introduced ‘“‘Counterfiow,”’ 

first really new idea in multi-bed ion- 
Xchangers since the introduction of silica- 
removal techniques. (Patent pending.) 


THIS EXPERIENCE 
CAN MEAN A LOT TO YOU 


These ideas, and other IWT develop- 
ments, can mean reduced costs, improved 
operations, and greater efficiency in your 
plant. Check with your IWT representa- 
tive. 


ILLINOIS WATER TREATMENT CO. 
840 CEDAR ST., ROCKFORD, ILLINOIS 
NEW YORK OFFICE: 141 E. 44th St., New York 17, N.Y 
CANADIAN DIST. : Pumps & Softeners, Ltd., London, Ont 
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Abstracts From the Technical Press 


Abroad and Domestic 


(Drawn from the Monthly Technical Bulletin, International Combustion 
Ltd., London, W.C. 1 


Fuels: Sources, Properties and 
Preparation 


The Nature of Coal. J. W. Whitaker 
Nature 1959, 183 (May 23) 1438-40 

A report is presented of the sym 
posium on the nature of coal held at the 
Central Fuel Research Institute, Bihar, 
in February 1959, in which the papers 
Origin and formation 
2. Petrographic studies; 3 
structure; 4. Constitution of 

Physiochemical properties of 


were read on: 1 
of coal: 
X-ray 
coal; 5 
cf val 


Selecting Coal for the Cyclone Fur- 
nace. U. B. Yeager. Coal Utiliza 
tion 1959, 13 (Apr.) 32-4 
The maximum moisture 
should be below 20 per cent and an ash 
fusion temperature of 2400-2600 F is 
marginal, temperatures 
above 2600 F being considered unsuit 
able rhe 
cleaned or run-of-mine coal is also dis 


content 


regarded as 


question whether to use 


cussed 


Alicyclicity and Smoke Emission of 
Coal. B.K. Mazumdar, S. S. Choud 
huri and A ature 1959, 183 
June 6) 1613 

Dehydrogenation, halogenation, treat 
phosphoric 
acids and other agents and oxidation of 


Lahiri 


ment with sulfuric and 
coal are all processes tending to stabilize 
its alicylic structure and thus to make 
it smokeless. It is shown that the 
relative smokiness of coals of different 
rank ts a linear function of the alicevclic 
carbon content of the coal 


Coals. S 
Nature 


Alicyclic Structures in 
Ergun and V. H. Tiensuu 
1959, 183 (June 13) 1668-70 

Theoretical work on the X-ray 
scattering of alicylic molecules is re 
ported which appears to show that 
alicvlic or hydroaromatic structure may 
account to a large extent for the inten 
sity patterns of coal components rich 
in hydrogen 
and medium rank coals may 
appreciable 


It is suggested that low 
contain 
alicylic structures in 


amounts 


Blending Coals for Coke Making. 
Anon Coal Research in C.SI.R.O 
1959, No. 6 (Mar.) 2-6 

Laboratory and large scale blending 
tests using a variety of Australian 
bituminous coals are described which 
had the twofold aim of improving the 
quality of metallurgical cokes and to 


save in the use of the best coking coals 


The results are presented in graphs and 
triangular diagrams which permit the 
rapid assessment of the influence of each 
component of a blend on coke quality. 


Chemistry of Coking Studied on Poly- 
meric Bituminous Coal Model Sub- 
stances. I. Purpose and Methods 
of Investigations. W. W. vanKreve 
len, H. I. Waterman and P. M. J 
Wolfs BrennstChemie 1959, 40 
(May) 155-9 (in German) 


Behavior of Coke Stressed by Drop 
and Compression. H. Schenk and 
H. Esch. Stahl und Eisen 1959, 79 
(May 28) 769-77 (in German) 

Drop and compression tests on blast 
furnace and foundry coke are described 
in which the influence of drop height 
and frequency, degree of compression 
and original size on changes in size 
distribution was studied rhe results 
are presented in graphs and discussed 


Chemistry of Brown Coals. Anon 
Coal Research in C.S1.R.O. 1959, No 
6 (Mar.) 12-14 

From measurements of the influence 
of increasing temperature on optical 
density and chemical structure of brown 
coals and results of infra-red spectros 
copy measurements it has been found 
possible to suggest a structural formula 
for brown coal. It is stressed that this 
may need revising as time progresses 


Steam Generation and Power 
Production 


Calculating Steam Flow. FE. B. Pow 
ell and A. Stalewski klectr. Times 
1959, 135 (Mav 21) 791-3 

The calculation of the flow of steam 
in an intricate pipe network by electrical 
analogue is described 


Steel Plates for Pressure Vessels. 
Anon Engineer 1959, 207 (May 15) 
706-7 

Abstracts are given of the Presidential 
Address to the Iron and Steel Institute 
by W 


plates for pressure vessels, especially 


Jarr on the manufacture of steel 


boilers, and the different standards of 
calculating design stresses in Gt. Britain 
and continental countries 
that British practice is outdated and 
makes competition with foreign coun 
It is shown 


It is argued 


tries unnecessarily difficult 
that in a particular case British stand 
ards would require a plate of 3'/2-in 
against a 2'’»-in. thickness calculated 
by continental standards 











~ INSUL-FELT 
BLANKETS 

TREMENDOUSLY 
IMPROVED 


UNIFORM THICKNESS AND DENSITY 


Low K factor. Rosin-bonded mineral fiber felt. Laminated 
and specially bound. Full body and thickness. 


SHARP EDGES AND CORNERS 


Blanket sections can be butted closely against each other 
for tight fit over surfaces. 


WOOL WON’T TEAR 


Wire mesh or lath can be removed and wool handled 
without tearing. 


LIGHTWEIGHT, STRONG, FLEXIBLE 


Easier to apply than mineral wool block. 


ATTRACTIVE IN APPEARANCE 


LOW TEMPERATURE APPLICATION 


UP TO 1200°F 
REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 


124 WALL STREET © NEW YORK 5, N. Y. 


The Water Separator of the Sulzer 
Monotube Boiler. G. Peter. En 
ergie 1959, 11 (May) 200-7 (in Ger 
man) 

Experimental investigations into the 
effectiveness of the water separator in 
reducing the salt concentration in the 
steam are reported. The experiments 
were carried out at pressures from 140 
2°Natii and confirmed theefficiency of the 


separator at all pressures up to near the 


critical. Although modern methods of 
feedwater preparation have reduced the 
necessity for removing salts the sepa 
rator has proved its value in cases of 
breakdown or malfunctioning of the 
treatment plant and will be retained in 


ill future boilers 


Temperature Variations in High Pres- 
sure Boiler Drums and Their Treat- 
ment. I. A. Meschaninov and G. F 
Muchnik. Teploenergetitka 1958, 5 
Aug.) 44-48. CLE. Trans. 1378 

The temperature differences which 
ecur between top and bottom and 
inside and outside surface of a boiler 
drum druing starting up and shutdown 
have been studied It is suggested 
that these differences can be greatly 
reduced by passing superheated steam 
it reduced pressure from a neighboring 
boiler into the water space of the drum 
during start-up; by this means the 
temperature drop through the thickness 
f the wall was reduced to 10-15 C 
When shutting-down, boiler water from 
i neighboring boiler was used to fill the 
drum and thus to reduce temperature 
differences and to retain the heat stored 
in the drum for a longer time 


An Investigation into the Structure 
and Properties of High-Pressue 
Steam Tubes After Prolonged Opera- 
tion in Power Plants. EF. S. Ginz 
burg lkademiya Nauk 1956, 58-66 
in Russian BI.SI. Transl. No 
1109 

Phe tubes were taken from boilers 
operating at 915 F and 1450 psi after 
7,583, 45,490, 50,520, and 52,9S8S 
hours and their mechanical properties 
ind microstructure compared with the 
original data. Only tube No. 1, after 
the shortest time, had acquired cold 
brittleness, probably due to its higher C 
content and more of the original Mo 
ontent occurred in the carbide phase 
The use of the data for estimatin 
properties after 100,000 operating hours 


s discussed 


This Steam Generator is an ‘‘Unfired”’ 
Pressure Vessel. Anon. Power 1959 
103 (June) 13S 

This boiler uses a thermal liquid 
heated by oil or gas to transfer heat in 
heat exchangers to produce steam 
ind/or hot water at pressures up to 600 
psi and temperatures up to 450 F 


Use of Models for Studying Pul- 
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verized Coal Burner Performance. 
G. C. Whitney S.M.E. Preprint 
38-A-95, 1958 (Dec.) 3 pp 

The use of transparent plastic, 
illuminated !/s scale models and wood 
dust for the investigation of burner 
performance is described. One of the 
important tasks has been the 
elimination of rope formation in the 
burner body which has been successfully 


most 


accomplished 


Water-Side Corrosion and Water 
Treatment 


Iron-Oxide Scale Formation in Mul- 
tiple Circulation Boilers. N. N 
Mankina, M. M. Przhivalkovskii, Yu 
M. Bulavitskii and I. N. Petrova 
Teploenergetika 1959 6 (Feb.) 53-57 
in Russian 

Results of an investigation into the 
conditions of formation of iron oxide 
scale are presented, together with sug 


gestions for countering this action, 


which include reducing the tron content 
in feed and boiler water, thus diminish 
ing the rate of precipitation on to 


heating surfaces; converting the iron 
oxides into a soluble state by introducing 
substances forming other soluble com 
plex compounds with iron; changing 
the charge sign of the colloidal particle 
of the 
either case the particles will lose the 
ability to adhere to the heating surface 

From C.E.G.B. Digest 1959, 11 (June 


re 
) loc4 


oxide or reducing it to zero. In 


Selecting Corrosion and Scale In- 
hibitorsfor Cooling Water. H Shields 
L. V. Sorg and R. L. Stutz 
sion 1959, 15 (May) 29-32 


steel and 


Corro 


Admiralty metal 


which 50 differ 


Carbon 
were tested in water to 
ent inhibitor were added. Organic 
chromates were found most effective; 
phosphates gave good protection against 
corrosion but formed seale even at low 


pH value 


Flue Gas, Ash and Dust 


Contribution to the Problem of the In- 
fluence of Sulphuric Acid on Flue Gas 
Dew Point Temperature. |. Miiller 
Chem. Ing Tech 959, 31 (May) 
45-51 (in German 

\ method for cal 
phuric acid p | por 
described and 1 ipplication to the 


ulating the sul 


pressure 1s 


determination of the dew point of a flue 


gas shown Phe lu irrived at by 


calculation agree well with those taken 


from the literature 


Trouble-Shooting Mechanical Dust 
Collectors. W.E. Archer. A.S. WE 
Preprint 38-A-283 G5S (Dec S pp 

operation 


Causes of unsatisfactor 


premature wear in multi-cvclone dust 
remedies are 


Duct 


separators and_ possible 
discussed under the headings: | 
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IDICS* at work 


How new McMeekin Station 
treats its boiler water 


Raw lake water from Lake Murray is 
the source for boiler feed at the new 
Silas C. McMeekin Station of South 
Carolina Electric and Gas Co. 

Here’s what the water analysis looks 
like: 

Silica 9.0 ppm 
Iron 0.8 ppm 
Turbidity 15.0 ppm 
Colorants 35.0 ppm 
Electrolytes 50.0 ppm 

Hardly the sort of water you put ina 
boiler operating at 2450 psig. So you'll 
find a complete Permutit water treat- 
ment system at McMeekin Station. 
Gilbert Associates, Inc., Reading, Pa., 
consultants on this job, report current 
results from the equipment as follows: 
1. Precipitator and chemical feeders lower 
iron to 0.2 ppm, turbidity to less than 
5 ppm, colorants to 2 ppm 
2. Three gravity filters further reduce 
turbidity to less than 1 ppm. 

3. Complete demineralization plant, cation 
and anion exchangers lower the scale- 
forming silica to an inoffensive .02 
ppm, electrolytes to .75 ppm. 

4. Fully automatic Permutit control cubicle 
not illustrated) remotely controls, 
monitors and records systems operation 
at all times. 

Such complete water treatment is 
typical of a Permutit installation and of 
the all-round service you get from our 

FLUIDICS program. If you have a 
boiler feed water problem, for example, 
our Permutit Division can _ provide 
everything you require from initial 
survey to final equipment system. 

For more information, write PER 
MUTIT, 50 West 44th Street, New 
York 36, N. Y., or call your local 
Permutit representative. 


By 


*FLUIDICS is a complete, imagina 
tive Pfaudler Permutit program which 
economically provides practical an 
swers to problems involving liquids 
and gases. 


PFAUDLER PERMUTIT INC. 


Saw Specialists in FLUIDICS. 


.the science of fluid processes 
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fae HEAD O0y TWAING GEARS 


RADIAL POLLER BEARINGS ORIVE SHAFT & SCREW | THRUST ROLLER BEARINGS 


FRONT HEAD 
“ 


STUFFING BOX 


\ 


H ORIVE SHAFT 
| 
| 


RADIAL ROLLER BEARINGS 


Here's an inside view of a high-speed screw pump that will do the work 
of other top quality rotary pumps costing twice as much! 


Notice the simple construction of this Warren Twin Screw Pump, and 
the minimum number of parts. The compactness means low initial 
cost and because no special foundation is needed, installation costs 
are minimized. No modification is required for vertical operation 
where floor space is extremely limited, or where the driver must be 


elevated to prevent flooding 


Maintenance of this efficient type TS pump is also economical. By 
removing the rear head only, rotating elements can be withdrawn 
without disturbing the piping or motor, and repair parts that 
need no field machining can be shipped immediately from stock. 


Four sizes of type TS Screw Pumps are available for capacities to 
550 GPM and discharge pressures to 350 PSI over a wide viscosity 
range. They are particularly suited for fuel o1] services and other 
heavy duty oil services requiring a constant, pulseless flow. An ideal 


application is pictured below. 


Two Warren Type 337TS 
Twin Screw Pumps on fuel 
oil burner service are 
shown in this installation 
at the Holyoke, Mass. 
Gas & Electric Department 
Plant. 


WRITE FOR BULLETIN 255 
for more detailed information about the TS Screw Pump that does the job for about 
one-half the cost 


I 
WARREN PUMPS, INC. 


WARREN, MASSACHUSETTS 


design; 2. Hopper circulation (dust 
re-entrainment); 3. Pluggage; 4. Dust 
disposal problems; 5. Wear. An ap 
pendix briefly describes the results of 
tests on a single tube unit and a 15 
tube unit of the effect of hopper circu 
lation on collection efficiency and the 
advantage of installing a baffle in the 
dust hopper to prevent re-entrainment 


Features of Lednock Dam, Including 
the Use of Fly Ash. A. C. Allen 
Prov Inst. Civil Eners 1959, 13 
June) 179-96 

Phe dam forming part of the North of 
Scotiand Electricity Board's Bread 
albane scheme has been built of con 
crete, flyash replacing 20 per cent of the 
cement The average strength of the 
work cubes at 28 days was 76 per cent 
of that of previous Portland cement 
concrete work cubes and a minimum 
strength of 71 per cent was adopted 
At one vear the flv ash concrete will 
then be not less strong than that ot 
P.C. concrete 


Heat Recovery Plant 


Selection and Design of Tubular Heat 
Exchangers. [I \. D. Saunders 
Pwr. and Wrks. Engng. 1959, 54 
June) 327-35 

Phe principal types of heat exchanger 
are briefly described, the appropriate 
design standards and codes quoted, and 
the size and arrangement of tubes, shell 
diameter, number of passes on the tube 
and shell side and the use of baffles 
discussed rhe factors governing ther 
mal design are presented and advice 
given on installation and maintenance 


Heat Transfer and Resistance of Pipes 
at a High Temperature Air Heating. 
A. V. Arseev Teploenergetika 1959 
June), 67-72 (in Russian 

On the basis of an experimental in 
vestigation into heat transfer and 
hydraulic resistance of pipes the for 
mulae are obtained for heat transfer and 
friction coefficients applicable to the 
design of high temperature air heaters 


Power Generation and Power Plant 


Generation in Great Britain. Anon 
Elect) Ret 1959, 164 (May 29 
YSS—O4 

Tables of generating stations of the 
C.E.G.B., S.S.E.B. and N.S.H.B. and 
those under construction or planned 
and a quick reference map showing the 
location of these stations 


American Power Conference in Re- 
view—I. Anon. ComBustion 1959, 
30 (May) 49-52 

rhis first part presents abstracts of 
papers dealing with: 1. Peaking service; 
2. Industrial plants; 3. Automated 
power plants; 4. Water conditioning 
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iluminum condenser tubes, analvsis of 
dissolved oxygen in water) 


Thermal Storage in Rock Chambers. 
P. H. Margen Vucl. Engng. 1959, 
4 (June) 259-62 

Swedish investigations into storage of 
hot water under pressure in rock cavities 
ire described The economies of such 
torage plants are discussed and com 
pared with pumped storage 


Kincardine Generating Station. 
(non Electr. Rev. 1959, 164 (May 
15) SS7—95 

Kincardine station on the Forth river 
in Scotland is planned to contain three 
20 MW and two 200 MW units of which 
the first started operating in December 
1958 rhe second and third units are 
to be ready for operation in 1959 and 
1960, the fourth and fifth units in 1962 
and 1964. The coal handling plant has 
been laid out for a total movement of 
93,200 t of coal per week. The boilers 
for the first three units are rated at S860 
kIb-h at 1600 psi and 1010/1005 F 
and those for the second two units 
it 1350 kib/h at 2450 psi and 1055/1005 
I Che boiler now operating is of I.C 
design with four tilting burners in each 
corner supplied by five (1 reserve) 
roller-type mill twenty retractable 
soot blowers in the furnace and ten in 
the superheater and reheater. Boilers 
No. 2 and 3 are of Brown Land Boiler 
design with front wall firing and four 

reverse) attrition-type mills. The 
turbines for un } have three cylin 
ders, the h.p. eylinder being double 
walled, and triple-flow exhaust, the 
generators are hydrogen cooled, The 
200 MW generators for units 4 and 5 
will have hollow conductors for direct 
hydrogen cooling of the rotor and water 
cooling of the stator 


Mine-Mouth Station Pays Off. J. A 
Keeth. le Wrid. 1959, 151 (May 
4) 57-9, 110 

Montrose station of Kansas City 
Power and Light Co. is situated on the 
south Missouri coalfield and the Deep 
water Creek. It contains at present one 
175 MW unit with a second identical 
under construction and a third planned 
for commissioning in 1963 or 1964. 
Calculations showed that it was cheaper 
to place the station on the coalfield and 
transmit the electric energy over 60 
miles to Kansas City than to transport 
the coal to the load center rhe first 
unit consists of a CE controlled circula 
tion, twin-furnace boiler rated at 1260 
kIb hat 1900 psi and 1006 F with reheat 
to 1005 F and a tandem-compound, 
double flow hydrogen and oil cooled 
turbogenerator Both boiler and turbo 
generator ire installed out-of-doors 
Each furnace contains five burners in 
each of the four corners, the burners 
being arranged for automatic control of 
tilt nad secondary air dampers. Fur 
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Know all your water levels—every minute- 


with the help of 
Reliance 


EYE-HYE 





Remote indication saves time—increases safety 


Any water-containing vessel is a potential hazard, whether 
it’s fired or unfired. For most efficient control, gages for 
all vessels should be out in the open, or at control stations. 


Where remote reading gages should be used: 


Stationary power boilers Water treatment systems 
Feed water heater tanks Heating boilers 

Waste heat boilers Storage tanks 

Surge tanks Marine power boilers 





What you should expect in a 
remote reading water level indicator 





Flexibility of placement. Gage reading precisely where 
most convenient to use — even above the boiler. 





Sharp visibility. Easy to read green indicating fluid, 
illuminated. 





Scientific accuracy. U tube manometer principle for 
laboratory exactness. 





Simplicity. Smooth hydrostatic action — no mechanical 
working parts. 





Safety. Invites frequent reading — an aid to pre- 
venting water level accidents. 











Easy installation. Flexible tubes from boiler to gage 
window. 








Low maintenance. Scheduled cleaning only at infre- 
quent intervals. Easy to blow down. 





CISIRIS INIA 








Write for Bulletin CO and learn how EYE-HYE 
can increase the reading efficiency of all your 
liquid levels. 


The Reliance Gauge Column Company 
5902 Carnegie Avenue ° Cleveland 3, Ohio 
Representatives in all principal cities 
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... INSTALL PNEUBIN PULSATING PANELS! 


PneuBin is a complete, quiet system, designed to produce 
flow by POSITIVE DISPLACEMENT of stubborn materials 
in concrete or metal storage bins and hoppers. 
Many leading industrial plants and public utilities have 
found PneuBin to be the answer to their coal-flow problems. 
For complete information and FREE illustrated literature, 
Write: 


Lnatl*iece 


DIVISION OF GEROTOR MAY CORPORATION 
COCKEYSVILLE, MARYLAND 
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nace heat release rate is only 85,000 Btu 
sq ft/ h because of the low ash fusion 
point and high ash content (24 per cent) 
of the coal. Since one of the seams 
mined produces coal of very high sulfur 
content this must be blended with other 
coals of low S content to prevent cor 
rosion in the boiler The calculated 
heat rate of the unit at full load is 9710 
Btu, kwh and the annual heat rate 9900 
Btu /kwh 


New Peaking Gas Turbine Will Com- 
bine with Steam Unit for Base Load- 
ing. G. O. Phillips, F. L. Smith and 
L. L. Nunley Pwr. Engng. 1959, 63 
May 77-8 

The City of Monroe, La., has in 
stalled a 10 MW gas-turbine for peak 
load duties but provision in its design 
have been made to connect its exhaust to 
a boiler to be installed later Phis 
boiler is to have an output of 175 
klb/h to supply a 16.5 MW. turbo 
generator and, via pressure reducers 
and desuperheaters, the older steam 
turbines’ this will enable the removal of 
in old and uneconomical boiler and 
result in considerable fuel savings 


New Books 


f these may be secured by writing 
Publishing Company 200 
Avenue, New York 16, N. ¥ 


Thermodynamic and _ Transport 
Properties of Gases, Liquids and 
Solids 


Sponsored by the Standing Committee on 
The mop! ysical Prope rties Heat 
Trans « Di Imerican Soctety of 


Vechanical | ngineers 


$72 pages, 8'/ & 11 1n., 274 illustrations 


$72.50 


he increasingly important field of 
thermal properties of materials is ex 
plored in this ASME sponsored publica- 
tion. The subject material included 
enables designers to have the advantage 
of latest data in the design of heat ex 
changers, boilers, piping, refrigeration 
and gas processing equipment, and 
similar equipment 

he present theoretical and experi 
mental state of the science and a large 
amount of data on experimental and 
theoretical techniques comprise most of 
the book’s content hese data cover 
thermodynamic and transport proper 
ties, PVT data and equation of state 
some experimental transport properties 
and high-temperature thermodynami 
properties of gases. A great deal of 
heretofore unpublished material appears 
in the form of tables, charts, and graphs 
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Simplified Problems in Strength of 
Materials and Structural Design 


By Ephraim Viertels 


636 pages, 6 X 9 in., 246 illustrations, 

$5 

A reference work or a refresher for a 
graduate engineer or an engineering 
student is the role of this three-part, 
twenty-two subject book. Questions on 
each subject are presented, then prob 
lems on that subject stated and solved 
in step by-step fashion. All questions 
and problems are arranged on a theoreti- 
cal and practical basis, and answers are 
provided for each problem solved 
There is a total of 735 problems 

Part I covers simple stresses; 
graphic statics; center of gravity; re 
actions of beams, girders, roof trusses, 
and arches; shear and shear diagrams; 
bending moment and moment diagrams; 
influence lines; and torsion. Part II in 
cludes: elements of theory of bending: 
moment of inertia; design of steel and 
wooden beams: floor design; rivets and 
riveted connections; welding and weld 
ed connections And Part III: design 
of plate girders; columns; bearing 


plates; ind roof trusses 


Power Plant Theory and Design 


By Philip J. Potter 


aaa 
11 pages, 6 > 39) illustrations, 


$10.50 


mis tase woxtook satommty  LOday’s power plants call for 


revised and rewritten second edition of 

Potter's Steam Power Plants. Fully up Wi d / / 

to date, it presents fundamentals of the 0 evn cod SCA és 

latest advances in design of equipment The New Richardson H-39C Coal Scale is Up-to-Date in Every Way: 
such as cyclone furnaces, pressurized Features, Performance, Ease of Maintenance 


boilers, and demineralizing equipment 
Also included are new design data relat 
ing to latest heat transfer coefficients 


Low-cost, high quality service is the guarantee that goes with this 
newest contribution by Richardson to efficient, accurate coal weighing. 
Here are the features that make it possible: 
1. Easy-Access Doors — give you large access to the working parts of the 

scale for easier, faster visual inspection, and adjustment. 

. Instantaneous By-Pass — no delay. Automatic, if desired. 

. Removable Belt Feeder — designed for rapid removal. 
discusses smaller industrial plants as . Electrical Equipment — located outside the dust-tight weighing chamber. 
well as gas, hydroelectric, and nuclear . Mechanical 6-Figure Cycle Counter — ruggedly built by Richardson... 
plants. Economic aspects of equipment won’t miscount or doublecount. 
selection are emphasized. Proper selec . Choice of 3 Sizes — available in 200, 500 and 1,000 lb. capacities. 
tion of pipe sizes, insulation thickness, > . ‘ 

pi Plus Richardson’s 24-hour nationwide service. 

heater terminal differences, and station : . So 

wceuasisns ‘onl tusteeiiindine tise dunnien Another Richardson specialty, the Monorate Distributor for stokers, 
ITCSS 4 ( ) ‘ — { “Xe . . . . . . 
, prevents segregation in straight line of coal flow, without inverted spouts 


for condensers, new pipe materials, and 
pipe dimensions 

While dealing with the steam plant as 
basic and giving principal attention to 
large central power station design, it 


» are discuss Phe book also treat , . 
e ire discussed © it as se i and restricted openings. 
the economic sizing of condensers an¢ . ‘. 
For details on these products and other features of Richardson coal 
J 
the economics of variable speed versus ° . . . . 
scales, bunker-to-boiler equipment job-engineered for your requirements, 
constant-speed fans and pumps Write for Catalog 0359. @ 1704 


Here’s the answer... 
Liquid-Metal Heat Transfer Media 


Edited by S. S. Kutateldze, et al. 


Avatlable in cloth-bound edition, 322.50 MAtesiALe MAMMAANG BY MHIIGET GINCE 10 
RICHARDSON SCALE COMPANY °* CLIFTON, NEW JERSEY 


[his work, translated from Russian, 
Sales and Service Branches in Principal Cities © Also manufactured in Europe to U.S. standards 


is devoted to problems of utilizing liquid 
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NEEDS 


DEOXY. 


e to remove 0O> 
reduce oxides 


raise pH 


Fairmount DEOXY-SOL, a solution of 
hydrazine, is a high efficiency oxygen 
scavenger designed especially for high 
pressure boiler water treatment. 

DEOXY-SOL removes oxygen, reduces 
oxides and raises pH of the conden- 
sate all at the same time... yet adds 
no solids. 

Stocks in Newark, N. J., Chicago, 
Ill., Los Angeles, Calif. Investigate 
its advantages for your system. Write 
for Bulletin BW. 


Fairmount 


CHEMICAL om @) INC 


Yew k € y Y 


metal heat transfer media in nuclear 
power. The data on the study of heat 
removal by liquid metals obtained dur 
ing the past ten years in the U.S.S.R. as 
well as abroad in connection with prob 
lems of nuclear power is both systemized 
and generalized in this work Che 
translators feel this book will be of con 
siderable assistance to scientific work 
ers and engineers in the field of reactor 
design and nuclear power as well as in 
other fields of technology where liquid 


metal coolants can be utilized 


A Literature Survey of Combustion 
Flames 


By Haller, Raymond and Brown, Inc. for Depart- 
ment of the Air Force 


s7h pages 


Fundamental research on combustion 
flames is reviewed in this report All 
the important topics of this subject, in 
cluding the properties of the several 
types of flames, the proposed mecha 
nisms and theories for describing the 
combustion of gases, liquids and solid 
propellants, and the radiation char 
acteristics of flames, are reported. In 
the fields that cannot be treated ade 
quately in this volume, sufficient ref 
erences are included to guide the readet 


in obtaining more detailed information 


Survey of the Role of Chemistry in 
Premixed Combustion Phe- 
nomena 


By E. Mayer and R.R. John, Arde Associates for 
Air Force Office of Scientific Research, U. S. 
Air Force 


Chis is the final report in a series of 
technical notes and report i critical 
ind analytical literature survey on the 
role of chemistry in combustion Phe 
phenomena considered include laminar 
flame propagation, space-homoygeneous 
combustion wmtion quenching ind 
tability limits Problem areas of in 
terest are described and an annotated 
selective bibliography dealing primaril 
with current topics ends the discussion 


of each phenomenon considered 


Investigation of Jet Flameholders: 
Part 2 


By A. W. Noon, Standford Research Institute for 
Wright Air Development Center, U. S. Air 
Force 


> cents 


In this study of the effeet of fluid 
jets in stabilizing combustion in a pre 
mixed stream, parameters investigated 
at different temperatures were jet tem 
perature and jet composition (natural 
yas-air mixtures Studies that used ait 


is the jet fluid showed the effect of jet 


air temperature on stability limits to be 
important, with the stability improving 
at the higher temperatures. When the 
combined effects of jet temperature and 
jet composition were investigated, it 
vas found that the jet composition was 
of much greater importance to fiame- 
holding capacity Stratification of the 
main stream fuel in the region of the jet 
had considerable effect upon the flame 
pattern and holding ability of the jet 
flameholder Maximum blowout veloc- 
ities were obtained when the fuel air 
ratio in the recirculation zone was ver 
close to stoichiometric, regardless of jet 
temperature and of the main stream 
fuel air ratio and temperature. (Part I 
of this study { $1.50 is still 


ivailable 


Storm Drainage Systems 
By Bureau of Yards and Docks, U. S. Navy 


, pa ve 


Covers the cle Sign of both surtace ind 
subsurface drainage systems and pre 
a detailed method of computing 
runoff based on rainfall records, design 
storm ind = the 
Graphs and formulas show the effects of 


lrequenc\ terrain 
Various retardance factors, such as the 
ibsorption qualities of the soil and the 
effects of vegetative growth From the 
series of graphs, the rates of overland 
to standard suppl 
From 


flow corresponding 
curves can be readily computed 
these and related data, the size of pipe 
and disposal facilities are calculated 
One section of the book deals with con 
struction techniques, and another out 
lines operation and maintenance 


Water Supply Systems 
By Bureau of Yards and Docks, U. S. Navy 
118 pages, $2 50 


Covers the requirements and sources 
for a satisfactory domestic and indus 
trial water supply and deals with the 
design and construction of water supply 
systems, including source structures 
treatment plants, and facilities for dis 
Develops the 
sizes of conduits and discusses the choice 
Outlines the 
conventional methods of water treat 


tribution types and 


and control of pumps 
ment and contains information on types 


of plants 
discussed from the standpoint of pres 


rhe distribution system is 


sure and flow requirements and pipe 
layout and sizes, the capabilities and 
uses of tanks and reservoirs, the pump 
ing demands for water storage and fire 
protection, and design of pumping sta 
tions and the maintenance and opera 
tion of pumps. Also discusses water 
works and their management, waste and 
leakage, repair and upkeep, laboratory 
control, and safety practices 
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With Republic valves... 


You get longer life, less maintenance 


For over 35 years Republic valve 
developments have paced the chang- 
ing demands for more sturdy valves 
by the most progressive utilities and 
industries. For such services as pump 
recirculation control, feedwater reg- 
ulation, steam pressure reducing and 
high pressure water control, Republic 
valves have established a reputation 
for durability, long life and trouble- 
free performance. 


Superior valve design— Repub- 
lic research into the causes of valve 
noise and vibration, and also the 
wear resisting and galling properties 
of materials has resulted in a modern 
line of Republic valves of advanced 
design. Republic valve contours are 
designed to produce not only the 
desired regulating characteristics but 
also to reduce erosion damage and 
noise as well. Extra large guide bush- 
ings, extra deep stuffing boxes, solid 
plug inner valve construction, plus 
precise manufacture and long-life 
materials make Republic regulating 
valves perform better, last longer, 
with less maintenance. 

Wide selection of valves and 


features—Rockwell-built Repub- 
lic regulating valves shown on this 


page are representative of the com- 
plete Republic line: 
. Cylinder operated valve 
. Lever operated valve 
Diaphragm operated valve 
. Motor operated valve 
Toggle head operated valve 
Diaphragm operated angle valve 


And, for many special applica- 
tions, such Republic accessories as 
pneumatic and electric valve posi- 
tioners for hysteresis-free control, 
and a complete line of controllers 
are available. 

Whatever your regulating valve 
problem, let Republic engineers put 
their years of application experience 
to work for you. For additional in- 
formation, see your Republic repre- 
sentative, or write to Republic Flow 
Meters Company, 2240 Diversey 
Parkway, Chicago 47, Illinois. 


REPUBLIC INSTRUMENTS 
AND CONTROLS 


ROCKWELL©& 
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The Bayer Balanced Valved Soot Blower 
is a single-chain operated design that as- 
sures precise sequential operation of the 
valve and element. Only after the start 
of full steam flow does element rotation 
commence —a feature which provides posi- 
tive and efficient cleaning over the entire 
arc. . .without wasting steam. 

The Bayer Soot Blower is simply op- 
erated by a pull on the chain which opens 
the cam-actuated valve. Continued pull- 
ing of the chain slowly rotates the element 
through its cleaning are, at the end of 
which the valve automatically closes. 


Quick Opening 
Bayer Soot Blower 
Valves Assure 


¢ 100% cleaning efficiency 
¢ minimum steam consumption 


e superior high temperature 
resistance 


For severe high temperature locations, 
“super service” elements of Bayer-devel- 
oped “Chronilloy” are available. Of su- 
perior strength, wrap-resistance, and sta- 
bility, these elements resist the oxidation 
and chemical action caused by very high 
temperature gases. 

In over fifty years of continuous special- 
ized service, the Bayer company has 
equipped more than 35,000 boilers with 
dependable soot blowers. Engineered for 
long life and low maintenance, Bayer 
products assure economical and trouble- 
free operation. 





single chain operation 

individual elements adjustable for high pressure 
service by orifice plate valve 

full steam pressure over entire cleaning are 

selected gear ratios for optimum rate of element 
rotation 


ADVANTAGES OF THE BAYER BALANCED VALVED SOOT BLOWER 


@ minimum pressure drop through valve body 

® machined air seal with spring loaded seat 

e complete vacuum breaker protec tion 

@ precision swivel tube alignment lessens stuffing 
box packing needs 

®@ jload carried on ring type thrust bearings 











For further information contact the Bayer representative nearest you. 
He is an experienced engineer, qualified to service Bayer Soot Blowers. 


Agencies 
Los Angeles 
Cincinnati 
Indianapolis 


Washington, D. ¢ 
Atlanta 
Pulsa 


Salt Lake City 
Houston 
Kansas City 


Charlotte 
Rik hmeond 


Denver 


Boston 
Seattle 
Paul 


Cleveland 
Detroit 
Pittsburgh Sst 


New York 
Philadelphia 
Chicago 





4030 Chouteau Avenue, St. Louis 10, Missouri 
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HE unusually large plates required for the tube 
sheets at Clinch River Plant are standard items of 


The American Brass (¢ ompany, which produces plates 


of copper and a number of copper alloys in rectangular 
sizes up to 156 inches in width and 15,000 pounds in 
weight. The maximum standard limits for circles are 
160 inches in diameter and 11,000 pounds in weight 
Half circles can be produced up to 13,000 pounds 
in weight. 

ROLLED PLATES SUPERIOR. Anaconda rolled plates are 
commercially flat, accurate in dimensions, and fre 
from surface imperfections and porosity often prevalent 
in cast plates 

SPECIAL JOBS. Whenever you have a problem involving 
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7-TON 
COPPER-ALLOY 
PLATES FOR 
LARGE SURFACE 
CONDENSERS 





a ed 


Yi 


extremely large plates in standard or special copper 
alloys, The American Brass Company will gladly assist 
in its solution. For general information on Anaconda 
Condenser Tubes and Plates write for Anaconda Pub- 
lication B-2: The American Brass Company, Water- 
bury 20, Conn. In Canada: Anaconda American Brass 
Ltd., New Toronto, Ont. 


ANACONDA 


Tubes and Plates for 


Condensers and Heat Exchangers 
MADE BY THE AMERICAN BRASS COMPANY 
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WHIRLEX 
Shop Assembled 
DUST COLLECTORS... 


Eliminate Costly 
Field Assembly 


WHIRLEX FORCED Whirlex dust collectors are designed 
DRAFT FANS 

are designed for 
heavy duty service 
in all types of boiler we : 
applications. Airfoil application. The unit is then fabri- 
bladed impeller 
provides maximum 
static efficiency. 


to provide maximum collection ef- 


ficiency for each specific type of 


cated and completely shop assem- 
bled and need only be set in place 
and the hoppers bolted on at the 
installation site. Each Whirlex unit 
is rigidly inspected before it leaves 
the shop, assuring a completely 


“gas-tight” installation. 


More specific information is 
available upon request. 


IN 


Fly Ash Arrestor 
CORPORATION 


205 North First Street . Birmingham, Alabama 
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Dust Collectors © Induced Draft Fans 
Forced Draft Fans © Exhaust Fans 
Self Supporting Stacks Duct Work 








NEW 

high sensitivity a 

ASHCROFT 

PNEUMATIC TRANSMITTERS 


lower costs...reduce maintenance 





... provide tighter control 


These new transmitters are designed around (1) a powerful, 
efficient relay with sensitivity high enough to operate con- 
trollers, and (2) a simple, dual Bourdon tube motion-bal- 
ance system. High sensitivity permits the use of narrowest 
proportional band settings on controllers and allows instant 
controller response to deviations from set point. With a 
shorter transmission lag, automatic corrective action starts 
before the deviation becomes critical 

In manual control systems, these new Ashcroft Transmitters 
(teamed with suitable receivers) make it practical to operate 
boilers at the most efficient level. In wet processing opera- 
tions, fractionating columns yield a purer product. Highly 
suppressed Ashcroft Short Span Transmitters are so sen- 





sitive they can “judge” entire control loops and detect any 

errors in the system 

Basically a 6” cube, lighter than most 82” pressure gauges, 

these climate-proof Ashcroft Transmitters are simple to 
Ashcroft Non-Indicating Pne install in cramped locations, are most readily accessible for 


matic Transmitters e made . . ’ 7 : . 
_ — os adjusting or service. Calibration is extremely easy, with 
nm pressure and temperature Tihs , ae : 

types, each in regular and linearity checking entirely eliminated. Most parts in all types 
hort span. Operation is on in the line are interchangeable. Ask your nearby Ashcroft 
ow-pressure air: output range ’ F 


oa Gauge Distributor about the lower initial costs and other 


7 


3-15 psi or 3-2 
savings that follow when you install Ashcroft Non-Indicat- 


ing Pneumatic Transmitters. Send for Bulletin 361. 


mm ASHCROFT PNEUMATIC TRANSMITTERS 


o A product of 


MANNING, MAXWELL & MOORE, INC. 


Consolidated Ashcroft Hancock Division + Stratford, Connecticut 
In Canada: Manning, Maxwell & Moore of Canada, Ltd., Galt, Ontario 


MANNING 
i J4OOW 9 
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Alabama Power Company 


Boston EDISON Company 


PHILAD 


ELECTRIC 


No designer-fabricator-erector of 
power piping has worked so closely 
with theindustry as Kellogg to meet 
the increasingly more critical steam 
pressure/temperature requirements 
of the nation’s electric utilities. 
Long a leader in the application 
of the newer alloys, and in the de- 
velopment of better welding ma- 


SLPHIA 


COMPANY 


terials and welding techniques for 
the power generating industry, 
Kellogg is today privileged to an- 
nounce more than a dozen projects 
concurrently executed with the five 
major utilities, listed above. Each 
of these major assignments includes 
the use of Kellogg’s K-Weld® tech- 
nique for welding the main steam 


KELLOGG’S 


FABRICATION- 


ERECTION 


SERVICES 


KEEP PACE 


and other critical lines, both in 
field erection and shop fabrication. 

Kellogg welcomes inquiries on 
its complete fabrication and erec- 
tion service to the power piping 
industry from consulting engineers, 
engineers of power generating com- 
panies, and manufacturers of boil- 
ers, turbines, and allied equipment. 


Fabricated Products Sales Division, THE M. W. KELLOGG COMPANY, 711 THIRD AVENUE, NEW YORK 17,N.Y. 


The Canadian 
t 


1i © Socte 


A SUBSIDIARY OF PULLMAN INCORPORATED 
Kellogg Co., Ltd., Toronto e Kellogg International Corp., London e Kellogg Pan American Corp., Buenos 
¢ Kellogg, Parts eCompanhia Kellogg Brasticira, Rio de Janeiro e Companta Kellogg de Venezuela, Caracas 














Swend 


KELLOGG|——, iio. 
= | 


POWER PIPING~-THE VITAL LIN K 


» Registered trademark of the M. W. Kellogg Company, Process Patented 





TUTTI TIT 


NEW IDEAS IN CHEMICAL CLEANING 




















Passes even the 


Thanks to Dowells 

You may never have occasion to place “white glove” 
requirements to the cleanness of your process equip- 
ment, steam generators, tanks and piping. But, if you 
do need this high degree of cleanness, Dowell can now 
offer it — as an additional service — in the chemical 
cleaning of your plant equipment. 

Dowell developed these new standards in cleaning 
the piping networks of the missile launching facilities 
at Cape Canaveral. Combining the research and engi- 
neering facilities of the entire company, Dowell per- 
fected new techniques, materials and equipment to 
meet the necessary rigid specifications. 

This new service is now adaptable for use in all 
types of American industry. For example, Dowell re- 
cently performed an intricate cleaning job on a 3'- 
mile-long buried pipeline. The customer wanted to 
convert the six-inch line from hydrocarbon gas to 
carry oxygen. For this pure product the line had to 
be immaculate—free of all foreign materials. The 


white glove 


new standard of 


inspection- 


cleanness 


plant was faced with the alternate of laying new 
pipe—a six week job at a cost of $150,000. 

Using their new standard of cleanness, Dowell 
cleaned the line of hydrocarbon residues, carbon black, 
grease, mill scale, and rust. Meanwhile, plant crews 
made mechanical alterations to the line at a cost of 
about $25,000. Dowell’s charge was $20,000; the job 
was done in 3! days. 

The job was satisfactory in every way. Inspection 
showed the line was free of all foreign matter. The 
customer credited Dowell with saving them about 
$100,000. Also the plant made additional profits be- 
cause the line was put back into use so quickly. 

Ask your Dowell representative about these new 
standards of cleanness and their possible application 
to your problems. This exclusive Dowell service may 
save you important money. Dowell, the pioneer of 
chemical cleaning, has 165 offices to serve every major 
industrial center. Dowell, Tulsa 1, Oklahoma. 


Chemical cleaning service for all industry 


DIVISION OF THE DOW CHEMICAL COMPANY 
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